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0DQDJHPHQW&RPSOH[PXOWLSOHVRXUFHSUREOHP5HOHDVHUDWHVIURPHDFKVRXUFHDUHVKRZQLQWKH
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UHFHSWRUZDVORFDWHGDWFRRUGLQDWHV; PDQG< P1RWHWKDW6RXUFHKDVWKHJUHDWHVW
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
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7DEOH6XJJHVWHG'FYDOXHVDQGXQLWVRIWKHOLPLWLQJUDGLRORJLFDOGRVHFDUFLQRJHQLFULVNKD]DUG
TXRWLHQWRUPD[LPXPFRQWDPLQDQWOLPLW  
7DEOH$EULHIGHVFULSWLRQRIWKHVXEURXWLQHVDQGIXQFWLRQVLQ*:6&5((19HUVLRQ 
7DEOH*:6&5((19HUVLRQ,QSXWILOH(DFKFDUGUHSUHVHQWVDOLQHLQWKHLQSXWILOH9DULDEOHV
PXVWEHSXWLQWKHVDPHRUGHUDVWKH\DUHSUHVHQWHGLQWKH7DEOH  
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7DEOH6WRFKDVWLFYDULDEOHVDQGGLVWULEXWLRQSDUDPHWHUVDOORZHGLQ*:6&5((16HH7DEOHIRU
YDULDEOHGHVFULSWLRQV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7DEOH3HUFHQWLOHVRILQJHVWLRQGRVHIRUWKHVDPSOH0RQWH&DUORVLPXODWLRQXVLQJD&UHOHDVHIURP
6RXUFHGHVFULEHGLQWKHSUHYLRXVSUREOHPDQGWULDOV3HUFHQWLOHUHVXOWVZHUHH[WUDFWHGIURP
WKH*:6&5((10&2ILOHXVLQJWKH(;75$&7XWLOLW\
7DEOH6HQVLWLYLW\DQDO\VLVUHVXOWVIRUWKHVDPSOH0RQWH&DUORVLPXODWLRQXVLQJD&UHOHDVHIURP
6RXUFHGHVFULEHGLQWKHSUHYLRXVSUREOHPDQGWULDOV 



 
,1752'8&7,21,1752'8&7,21
0XOWLPHGLDH[SRVXUHDVVHVVPHQWRIKD]DUGRXVFKHPLFDOVDQGUDGLRQXFOLGHVUHTXLUHVWKDWDOO
SDWKZD\VRIH[SRVXUHEHLQYHVWLJDWHG,QWKHDVVHVVPHQWSURFHVVOLPLWHGGDWDDUHRIWHQHQFRXQWHUHGDQG
WKHSULPDU\SXUSRVHIRUSHUIRUPLQJLQLWLDOVFUHHQLQJLVWRLGHQWLI\SULRULW\FRQWDPLQDQWVDQGGDWDQHHGV
7KLVSURFHVVLVDFFRPSOLVKHGE\XVLQJVLPSOLILHGPRGHOVWKDWPDNHEHVWXVHRIWKHDYDLODEOHGDWDDQG
FRQVHUYDWLYHDVVXPSWLRQV7KH*:6&5((1PRGHOZDVGHVLJQHGWRSHUIRUPLQLWLDOVFUHHQLQJ
FDOFXODWLRQVIRUJURXQGZDWHUSDWKZD\LPSDFWVUHVXOWLQJIURPWKHOHDFKLQJRIVXUILFLDODQGEXULHG
FRQWDPLQDWLRQDW&RPSUHKHQVLYH(QYLURQPHQWDO5HVSRQVH&RPSHQVDWLRQDQG/LDELOLW\$FW&(5&/$
VLWHVLGHQWLILHGDVORZSUREDELOLW\KD]DUGDWWKH,GDKR1DWLRQDO(QJLQHHULQJDQG(QYLURQPHQWDO
/DERUDWRU\,1((/'2(,Q9HUVLRQDQDGGLWLRQDOPRGHOZDVDGGHGWRFDOFXODWH
LPSDFWVWRJURXQGZDWHUIURPWKHRSHUDWLRQRIDSHUFRODWLRQSRQG7KHPRGHOZDVGHVLJQHGWRPDNHEHVW
XVHRIWKHGDWDWKDWZRXOGSRWHQWLDOO\EHDYDLODEOH7KHVHGDWDLQFOXGHWKHDUHDDQGGHSWKRI
FRQWDPLQDWLRQVRUSWLYHSURSHUWLHVDQGVROXELOLW\OLPLWRIWKHFRQWDPLQDQWGHSWKWRDTXLIHUDQGWKH
SK\VLFDOSURSHUWLHVRIWKHDTXLIHUSRURVLW\YHORFLW\DQGGLVSHUVLYLW\)RUWKHSRQGPRGHOGDWDRQ
HIIOXHQWIORZUDWHVDQGRSHUDWLRQWLPHDUHUHTXLUHG,Q9HUVLRQ5RRGDWKUHHGLPHQVLRQDO
GLVSHUVLRQZDVDGGHG9HUVLRQLQFOXGHVDGGLWLRQDOHQKDQFHPHQWVWKDWLQFOXGH
• DGLVSHUVLYHVROXWLRQIRUWUDQVSRUWLQWKHXQVDWXUDWHG]RQH
• VSDWLDOYDULDEOHGLVSHUVLYLW\IXQFWLRQVIRUFDOFXODWLQJGLVSHUVLRQLQWKHDTXLIHU
• PRLVWXUHFRQWHQWVPD\EHFDOFXODWHGLQWHUQDOO\XVLQJWKHYDQ*HQXFKWHQILWWLQJSDUDPHWHUV
• 0RQWH&DUORVDPSOLQJURXWLQHVIRUVHQVLWLYLW\XQFHUWDLQW\DQDO\VLV
• SUHSURFHVVRUIRUUXQQLQJPXOWLSOHFRQWDPLQDQWVDQGPXOWLSOHILOHVLQDVLQJOHVLPXODWLRQ
7KHPRGHOLQJDSSURDFKXVHGLQ*:6&5((1LVDPDVVEDODQFHDSSURDFKWKDWKDVLWVURRWVLQWKH
PHWKRGRORJ\SUHVHQWHGE\WKH1XFOHDU5HJXODWRU\&RPPLVVLRQ&RGHOOHWDO.R]DNHWDO
6LPLODUPHWKRGRORJLHVKDYHDOVREHHQHPSOR\HGLQDQXPEHURIRWKHUDVVHVVPHQWFRGHVLQFOXGLQJWKH
5HPHGLDO$FWLRQ3ULRULW\6\VWHP:KHODQHWDODQG'(&+(0.LOORXJKHWDO7KH
JURXQGZDWHUWUDQVSRUWPRGHOXVHGLQ*:6&5((1KDVEHHQXVHGDWWKH,1((/IRUVFRSLQJDQG
DVVHVVPHQWSXUSRVHV&RGHOOHWDO5RRGHWDODQGKDVEHHQVKRZQWRJLYHUHDVRQDEOH
UHVXOWVZKHQFDOLEUDWHGWRPHDVXUHGGDWD
0RGHORXWSXWLQFOXGHVWKHVRLOFRQFHQWUDWLRQVXFKWKDWDIWHUOHDFKLQJDQGWUDQVSRUWWRWKH
DTXLIHUUHJXODWRU\FRQWDPLQDQWOHYHOVLQJURXQGZDWHUDUHQRWH[FHHGHG$OVRJURXQGZDWHU
FRQFHQWUDWLRQDQGKHDOWKLPSDFWVDVDIXQFWLRQRIWLPHPD\EHFDOFXODWHG7KHPRGHOFRQVLGHUVRQO\
GULQNLQJZDWHUFRQVXPSWLRQDQGGRHVQRWLQFOXGHWKHWUDQVIHURIFRQWDPLQDWLRQWRIRRGSURGXFWVGXHWR
LUULJDWLRQZLWKFRQWDPLQDWHGZDWHU+RZHYHUWKHVHSDWKZD\VPD\EHWDNHQLQWRDFFRXQWE\DGMXVWLQJWKH
ZDWHUFRQVXPSWLRQUDWH%RWKUDGLRORJLFDODQGQRQUDGLRORJLFDOFRQWDPLQDQWVDUHFRQVLGHUHGLQ
*:6&5((1
*:6&5((1ZDVQRWLQWHQGHGWREHDSUHGLFWLYHWRROUDWKHULWZDVLQWHQGHGWRSURYLGHWKH
IUDPHZRUNWRFDOFXODWHERXQGLQJLPSDFWVWRJURXQGZDWHUIURPWKHOHDFKLQJRIVXUILFLDODQGEXULHG
FRQWDPLQDWLRQ7KHFRQVHUYDWLVPRIWKHUHVXOWVDUHGHSHQGHQWRQWKHFKRLFHRILQSXWSDUDPHWHUVXVHGLQ
WKHHYDOXDWLRQ
 
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7KUHHSULPDU\PRGHOVDUHHPSOR\HGLQ*:6&5((1)LJXUHWKHVRXUFHPRGHOWKH
XQVDWXUDWHG]RQHPDVVWUDQVSRUWPRGHODQGWKHVDWXUDWHG]RQHDTXLIHUPDVVWUDQVSRUWPRGHO7KHVH
PRGHOVDUHFRXSOHGWRJHWKHUE\WKHFRQWDPLQDQWIOX[HVDFURVVWKHLQWHUIDFHEHWZHHQVRXUFHXQVDWXUDWHG
DQGVDWXUDWHG]RQHERXQGDULHV7KUHHW\SHVRIVRXUFHUHOHDVHPRGHOVPD\EHHPSOR\HGLQ*:6&5((1
7KHVHDUHWKHVXUILFLDORUEXULHGVRXUFHPRGHOWKHSHUFRODWLRQSRQGUHOHDVHPRGHODQGWKHXVHUGHILQHG
WDEXODWHGVRXUFHPRGHO*:6&5((1FDOFXODWHVWKHVRXUFHPDVVIOX[HVIRUWKHVXUILFLDORUEXULHGVRXUFH
PRGHODQGWKHSHUFRODWLRQSRQGUHOHDVHPRGHO7KHXVHUSURYLGHVWKHVRXUFHPDVVIOX[HVIRUWKH
WDEXODWHGVRXUFHPRGHOE\JHQHUDWLQJDQ$6&,,ILOHFRQWDLQLQJPDVVIOX[DWWKHVRXUFHYROXPH
XQVDWXUDWHG]RQHLQWHUIDFHDVDIXQFWLRQRIWLPH7KHXQVDWXUDWHG]RQHPRGHOXVHVERWKDVLPSOLILHGSOXJ
IORZPRGHODQGDGLVSHUVLYHVROXWLRQDQGWKHVDWXUDWHG]RQHPRGHOXVHVDVHPLDQDO\WLFDOVROXWLRQWRWKH
DGYHFWLRQGLVSHUVLRQHTXDWLRQIRUWUDQVLHQWPDVVIOX[DVGHVFULEHGE\&RGHOOHWDO
6RXUFH0RGHOLQJ6RXUFH0RGHOLQJ
6XUIDFHRU%XULHG6RXUFH0RGHO6XUIDFHRU%XULHG6RXUFH0RGHO
 7KHVRXUFHYROXPHIRUWKHVXUIDFHRUEXULHGVRXUFHPRGHOLVGHILQHGDVWKH]RQHLQZKLFK
FRQWDPLQDQWVKDYHEHHQREVHUYHGRUDUHVXVSHFWHGWREHSUHVHQW7KLV]RQHLQPRVWFDVHVRFFXSLHVWKH
YROXPHERXQGHGE\WKHVRLOVXUIDFHWRVRPHILQLWHGHSWKEHORZWKHVRLOVXUIDFHEXWPD\DOVRLQFOXGH
EXULHGZDVWH5HOHDVHIURPWKHVRXUFHYROXPHLVPRGHOHGDVDILUVWRUGHUOHDFKLQJSURFHVVWKDWDFFRXQWV
IRUGHFD\DQGVRUSWLRQ7KHFRQWDPLQDQWLVDVVXPHGWREHKRPRJHQHRXVO\PL[HGLQDILQLWHYROXPHDQG
DVWHDG\VWDWHLQILOWUDWLRQUDWHLVDVVXPHG7KHOHDFKLQJSURFHVVLVGHVFULEHGPDWKHPDWLFDOO\E\DILUVW
RUGHUOHDFKUDWHFRQVWDQW7KHGLIIHUHQWLDOHTXDWLRQWKDWGHVFULEHVWKHPDVVEDODQFHRIFRQWDPLQDQWLQWKH
VRXUFHYROXPHLVJLYHQE\
 G0GW     0/ G Rλ λ λ  
ZKHUH
λG GHFD\UDWHFRQVWDQW\±
λ/ OHDFKUDWHFRQVWDQW\±
λR UDWHFRQVWDQWIRURWKHUORVVPHFKDQLVPV\±
0 PDVVRUDFWLYLW\LQWKHVRXUFHYROXPHPJRU&L
7KHVROXWLRQWR(TXDWLRQLV
 0W 0 HR    W/ G Rλ λ λ  
ZKHUH
 0R WKHLQLWLDOPDVVRUDFWLYLW\LQWKHVRXUFHYROXPHPJRU&L
 W WLPH\HDUV
 
7KHLQLWLDOPDVVRUDFWLYLW\LQWKHVRXUFHYROXPH0RLVJLYHQE\
 R R0  & / : 7× × ×  
ZKHUH
 /:7 WKHOHQJWKZLGWKDQGWKLFNQHVVRIWKHVRXUFHYROXPHP
 &R WKHLQLWLDOFRQFHQWUDWLRQ&LRUPJPLQWKHVROLGDQGOLTXLGSKDVHV
7KHOHDFKUDWHFRQVWDQWλ/DQGGHFD\UDWHλGFRQVWDQWDUHJLYHQE\
 /
F GF
G
 
 3
5 7
  
7λ θ λ
/Q  
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6RXUFH
/HQJWK
6RXUFH
:LGWK
5HFHSWRU:HOO
6RXUFH
7KLFNQHVV
5HFHSWRU'LVWDQFH &RQVWDQW,QILOWUDWLRQ
8QVDWXUDWHG7KLFNQHVV
/HDFKDWH
$GYHFWLRQDQG
'LVSHUVLRQ
6DWXUDWHG
=RQH *URXQGZDWHU)ORZ :HOO6FUHHQRU$TXLIHU7KLFNQHVV
3OXJ)ORZRU
'LVSHUVLRQ
;
< 
)LJXUH&RQFHSWXDOPRGHORI*:6&5((1IRUWKHVRXUFHYROXPHXQVDWXUDWHG]RQHDQGDTXLIHU
 
ZKHUH
 3 WKHQHWZDWHUSHUFRODWLRQUDWHP\±
 θF WKHYROXPHWULFPRLVWXUHFRQWHQWLQWKHVRXUFHYROXPHPP±
 5GF WKHUHWDUGDWLRQIDFWRULQWKHVRXUFHYROXPH
 7 WKHFRQWDPLQDQWKDOIOLIH\
7KHOHDFKUDWHFRQVWDQWZDVRULJLQDOO\GHVFULEHGE\%DHVDQG6KDUS7KHIRUPXODWLRQ
JLYHQLQ(TXDWLRQZDVWDNHQIURP*LOEHUWHWDO
7KHQHWZDWHUSHUFRODWLRQUDWH3LVWKHDPRXQWRIZDWHUWKDWHQWHUVWKHVRLOSHUXQLWWLPHWKDWLV
QRWORVWWRHYDSRWUDQVSLUDWLRQRUUXQRII8QGHUVWHDG\VWDWHFRQGLWLRQQRQHWVWRUDJHWKLVFDQEH
DSSUR[LPDWHGE\
 3 3  5  (U  
ZKHUH
 3U SUHFLSLWDWLRQP\
 5 UXQRIIP\
 ( HYDSRWUDQVSLUDWLRQP\
7KHYDOXH3θFUHSUHVHQWVWKHDYHUDJHOLQHDUZDWHUYHORFLW\SRUHYHORFLW\LQWKHFRQWDPLQDWHG
]RQHDQGLVEDVHGRQWKHXQLWJUDGLHQWPRGHO'DUF\
VODZLQDRQHGLPHQVLRQDOYHUWLFDOO\DOLJQHG
XQVDWXUDWHGVRLOFROXPQLVJLYHQE\
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ZKHUH
 TZ QHWZDWHUSHUFRODWLRQUDWH3RU'DUF\IOX[P\±
 + HOHYDWLRQKHDGP
 ψ VXFWLRQRUSUHVVXUHKHDGP
 .θF XQVDWXUDWHGK\GUDXOLFFRQGXFWLYLW\RIWKHFROXPQP\±
 θ YROXPHWULFZDWHUFRQWHQWRIWKHFROXPQPP±
 
8QGHUXQLWJUDGLHQWFRQGLWLRQV∂ψ∂] ∂+∂] DQG∂θ∂W 7KHUHIRUHTZ .θF 3
7KHXQVDWXUDWHGK\GUDXOLFFRQGXFWLYLW\LVDIXQFWLRQRIWKHYROXPHWULFPRLVWXUHFRQWHQWRIWKHPHGLD7KH
YROXPHWULFPRLVWXUHFRQWHQWLVWKHIUDFWLRQRIWKHEXONPHGLDWKDWLVILOOHGZLWKZDWHU:KHQDSRURXV
PHGLDLVVDWXUDWHGLHDOOWKHSRUHVSDFHVDUHILOOHGZLWKZDWHUWKHYROXPHWULFPRLVWXUHFRQWHQWLVHTXDO
WRWKHHIIHFWLYHSRURVLW\RIWKHPHGLD,QWKLVPRGHOWKHHIIHFWLYHSRURVLW\LVDVVXPHGHTXDOWRWKHWRWDO
SRURVLW\
7KHUHODWLRQVKLSEHWZHHQK\GUDXOLFFRQGXFWLYLW\DQGPRLVWXUHFRQWHQWGLIIHUVIRUGLIIHUHQWURFN
W\SHV7KHYROXPHWULFZDWHUFRQWHQWIRUDJLYHQPDWHULDODQGDFRQVWDQWZDWHUIOX[LVXVXDOO\GHWHUPLQHG
XVLQJHTXDWLRQVWKDWKDYHEHHQILWWHGWRILHOGGDWDUHODWLQJVXFWLRQKHDGWRYROXPHWULFPRLVWXUHFRQWHQW
DQGK\GUDXOLFFRQGXFWLYLW\$FXUYHJHQHUDWHGXVLQJWKHYDQ*HQXFKWHQILWWLQJSDUDPHWHUVIRU
VXUIDFHVHGLPHQWDWWKH5DGLRDFWLYH:DVWH0DQDJHPHQW&RPSOH[DWWKH,1((/LVLOOXVWUDWHGLQ)LJXUHV
7KHVHPDWHULDOVZHUHFKDUDFWHUL]HGLQGHWDLOE\%LVKRSDQG0F(OUR\DQG+XEEHOODQG
WKHYDQ*HQXFKWHQILWWLQJSDUDPHWHUVαDQGQZHUHJLYHQE\%DFDHWDO7KHXQVDWXUDWHG
K\GUDXOLFFRQGXFWLYLW\FDQEHZULWWHQLQWHUPVRIWKHPRLVWXUHFRQWHQWDQGVRLOILWWLQJSDUDPHWHUVαDQG
QGHVFULEHGLQYDQ*HQXFKWHQDQGJLYHQLQ(TXDWLRQVDQG




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     
+\GUDXOLF&RQGXFWLYLW\P\
0R
LVW
XU
H&
RQ
WHQ
W 0DWHULDO7\SH6XUIDFH6HGLPHQW
6DWXUDWHG.P\
3RURVLW\
5HVLGXDO0RLVWXUH&RQWHQW
α P
Q

)LJXUH9ROXPHWULFPRLVWXUHFRQWHQWYHUVHVK\GUDXOLFFRQGXFWLYLW\IRUVXUIDFHVHGLPHQWDWWKH
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ZKHUH
 θ PRLVWXUHFRQWHQW
 θU UHVLGXDOPRLVWXUHFRQWHQW
 θV VDWXUDWHGPRLVWXUHFRQWHQW
 .VDW VDWXUDWHGK\GUDXOLFFRQGXFWLYLW\P\±
 α ILWWLQJSDUDPHWHUP
 Q ILWWLQJSDUDPHWHU
 P Q

7KHUHWDUGDWLRQIDFWRULQWKHVRXUFHYROXPH5GFLVJLYHQE\
 GF GF F
F
5   . ρ
θ
 
ZKHUH
 .GF WKHGLVWULEXWLRQFRHIILFLHQWLQWKHVRXUFHYROXPHP/J±
 ρF WKHEXONGHQVLW\RIWKHVRXUFHYROXPHJFP±

)RURUJDQLFFRQWDPLQDQWVWKHGLVWULEXWLRQFRHIILFLHQWLVGHULYHGIURPWKHRUJDQLFFDUERQ
SDUWLWLRQLQJFRHIILFLHQW.RFDQGWKHIUDFWLRQRIRUJDQLFPDWHULDOLQWKHPHGLXPIRF7KHGLVWULEXWLRQ
FRHIILFLHQWIRURUJDQLFVLVJLYHQE\(TXDWLRQ
 G RF RF.  I .   
7KHFRQWDPLQDQWIOX[RXWWKHEDVHRIWKHVRXUFHYROXPHFDQQRZEHFDOFXODWHG7KHFRQWDPLQDQW
IOX[LVJLYHQE\
 ) W 4WV /λ  
ZKHUH
 )VW WKHFRQWDPLQDQWIOX[RXWWKHERWWRPRIWKHVRXUFHYROXPHPJRU&L\±
7KHFRQFHQWUDWLRQRIWKHOHDFKDWH>&OHDFKDWHW@LVJLYHQE\(TXDWLRQ
 
 ( ) ( )OHDFKDWH
F GF
& W  
0 W
/ : 7 5× × × ×θ  
)RUVRPHFRQWDPLQDQWVWKHLQLWLDOFRQFHQWUDWLRQRIWKHOHDFKDWHH[FHHGVWKHVROXELOLW\OLPLWRI
WKHFRQWDPLQDQW,QWKLVFDVHWKHFRQFHQWUDWLRQRIWKHOHDFKDWHDQGWKHPDVVIOX[IURPWKHVRXUFHYROXPH
ZLOOEHJRYHUQHGE\WKHVROXELOLW\OLPLWRIWKHFRQWDPLQDQW7KHPDVVEDODQFHRIWKHFRQWDPLQDQWLQWKH
VRXUFHYROXPHLVWKHQJLYHQE\(TXDWLRQ
 ( )G0GW    0  5G Rλ λ  
ZKHUH
 5 &VO×3×/×:FRQWDPLQDQWIOX[RXWERWWRPRIVRXUFH>PJ\±@
 &VO WKHVROXELOLW\OLPLWRIWKHFRQWDPLQDQWPJP

7KHVROXWLRQWR(TXDWLRQIRUWKHLQLWLDOFRQGLWLRQV0 0RDWW LV
 ( ) ( )( )0W 0 H  5  H R   W G R WG R G Rλ λ λ λλ λ  − +  
$IWHUDSHULRGRIWLPHWKHPDVVLQWKHVRXUFHYROXPHLVGHSOHWHGVXIILFLHQWO\WRDOORZIRU
OHDFKLQJWREHFRQWUROOHGE\WKHFRQWDPLQDQWVRUSWLYHSURSHUWLHVDQGQRWWKHVROXELOLW\OLPLW7KHDPRXQW
RIPDVVLQWKHVRXUFHYROXPH0VOZKHUHOHDFKLQJE\VRUSWLYHSURSHUWLHVWDNHVRYHULVJLYHQE\(TXDWLRQ

 VO VO F GV0  & / : 7 5 × × × × ×θ  
 :KHQGHFD\RURWKHUILUVWRUGHUORVVSURFHVVHVDUHLQVLJQLILFDQWWKHWLPHUHTXLUHGIRUWKHPDVVLQ
WKHVRXUFHYROXPHWRGHFUHDVHWR0VOLVVLPSO\WVO 0R0VO5DQGWKHPDVVEDODQFHHTXDWLRQLV0W 
0R5W'HFD\DQGGHJUDGDWLRQDUHFRQVLGHUHGLQVLJQLILFDQWLIWKHVXPRIWKHUDWHFRQVWDQWVλGλRLV
OHVVWKDQ×±\±HIIHFWLYHKDOIWLPHRI×\HDUV,IGHFD\LVVLJQLILFDQWGXULQJWKHUHOHDVH
WKHQWKHVROXELOLW\OLPLWHGUHOHDVHWLPHLVJLYHQE\WKHIROORZLQJ

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)RU UDGLRQXFOLGHV WRWDO DFWLYLW\ LQ WKH VRXUFH YROXPH PXVW EH FRQYHUWHG WR PDVV VR WKDW WKH
TXDQWLW\RIWKHUDGLRQXFOLGHPD\EHUHODWHGWRLWVVROXELOLW\OLPLW7KHFRQYHUVLRQIURPDFWLYLW\WRPDVVLV
JLYHQE\
 
 PDVV DFWLYLW\
   
G $
0  
0   GSV&L   V \ 0:
 1
  × ×
λ  
ZKHUH
 0PDVV WKHPDVVRIWKHUDGLRQXFOLGHLQWKHVRXUFHYROXPHJ
 1$ $YRJDGUR
VQXPEHU×DWRPVPROH±
 0DFWLYLW\ WKHWRWDODFWLYLW\RIWKHUDGLRQXFOLGHLQWKHVRXUFHYROXPH&L
 GSV QXPEHURIQXFOHDUWUDQVIRUPDWLRQVSHUVHFRQG
 0: WKHPROHFXODUZHLJKWRIWKHUDGLRQXFOLGHJPROH±

6ROXELOLW\ OLPLWHG UHOHDVHV IRU UDGLRQXFOLGHV XVXDOO\ RQO\ DIIHFWV QXFOLGHVZLWK ODUJH KDOIOLYHV
VLQFHOLWWOHPDVVLVDVVRFLDWHGZLWKQXFOLGHVZLWKVKRUWKDOIOLYHV
2XWSXWIURPWKHVRXUFHPRGHOLVWKHQJLYHQE\(TXDWLRQIRUUHOHDVHVQRWFRQWUROOHGE\WKH
FRQWDPLQDQW
VVROXELOLW\DQGE\WKHWHUP5LQ(TXDWLRQVDQGIRUVROXELOLW\OLPLWHGUHOHDVHV
7KHVHUHOHDVHVSURYLGHWKHFRQWDPLQDQWIOX[DWWKHERXQGDU\EHWZHHQVRXUFHYROXPHDQGXQVDWXUDWHG
]RQHIRUWKHVXUILFLDORUEXULHGVRXUFHPRGHO
3RQG5HOHDVH0RGHO3RQG5HOHDVH0RGHO
7KHSHUFRODWLRQSRQGFRQFHSWXDOPRGHO)LJXUHDFFRXQWVIRUWKHIORZRIZDWHULQWRWKHSRQG
WKHFRQFHQWUDWLRQRIWKHFRQWDPLQDQWLQWKHSRQGZDWHUVRUSWLRQDQGGHFD\RIWKHFRQWDPLQDQWLQWKH
SRQGVHGLPHQWVDQGWKHRSHUDWLRQDOOLIHWLPHRIWKHSRQG$VLPSOLILHGK\GURORJLFFRQFHSWXDOPRGHOLV
XVHGWRGHVFULEHIORZIURPWKHSRQGWRWKHDTXLIHU&RQVLGHUWKHK\SRWKHWLFDOSRQGLOOXVWUDWHGLQ)LJXUH
7KHIORZUDWHLQWRWKHSRQGLVDVVXPHGWREHFRQVWDQWDQGWKHSRQGGHSWKKLVDOVRDVVXPHGWR
UHPDLQFRQVWDQWWKURXJKRXWWLPH7KHSRQGVHGLPHQWVDUHDVVXPHGWREHVDWXUDWHGDWOHDVWWRVRPH
GHSWKK,QRUGHUIRUDSRQGWRIRUPXQGHUFRQVWDQWIORZDQGVWHDG\VWDWHFRQGLWLRQVWKHK\GUDXOLF
FRQGXFWLYLW\RIWKHSRQGVHGLPHQWVPXVWEHOHVVWKDQWKHLQILOWUDWLRQUDWH7KHLQILOWUDWLRQUDWHLQWRWKH
SRQGVHGLPHQWVLVJLYHQE\T$WVRPHSRLQWEHORZWKHEDVHRIWKHSRQGXQVDWXUDWHGFRQGLWLRQVPD\
H[LVW7KLVLVWUXHIRUFRQGLWLRQVDWWKH,1((/ZKHUHWKHYDGRVH]RQHFRQVLVWVRIIUDFWXUHGEDVDOWWKDWKDV
DPHDVXUHGK\GUDXOLFFRQGXFWLYLW\RIDURXQGP\7KLVDVVXPSWLRQPD\QRWEHWUXHIRURWKHUVLWHV
ZKHUHFRPSOHWHVDWXUDWLRQPD\H[LVWIURPWKHEDVHRIWKHSRQGWRWKHDTXLIHU,IVWHDG\VWDWHFRQGLWLRQV
H[LVWWKHQT T T
 
 7KHFRQWDPLQDQWIOX[LQWRWKHSRQGLVDVVXPHGWREHHTXDOWRWKHFRQWDPLQDQWIOX[LQWRD
VHGLPHQWOD\HUXQGHUO\LQJWKHSRQGSRQGVHGLPHQWV&RQWDPLQDQWPDVVEDODQFHZLWKLQWKLVVHGLPHQW
OD\HULVWKHQGHWHUPLQHGDQGDVVXPHGWRUHSUHVHQWDILUVWRUGHUSURFHVVZLWKFRQVWDQWLQSXW7KHPDVV
EDODQFHHTXDWLRQWKDWGHVFULEHVWKHPDVVRIFRQWDPLQDQWLQWKHSRQGVHGLPHQWVLVJLYHQE\WKHIROORZLQJ
 ( )G0GW  5    03 / G (λ λ λ  
ZKHUH
3RQG6HGLPHQW
6RXUFH
/HQJWK
6RXUFH
:LGWK
5HFHSWRU:HOO
6HGLPHQW
7KLFNQHVV
5HFHSWRU'LVWDQFH :DWHU)OX[WR3RQG
8QVDWXUDWHG7KLFNQHVV
/HDFKDWH
$GYHFWLRQDQG
'LVSHUVLRQ
6DWXUDWHG
=RQH *URXQGZDWHU)ORZ :HOO6FUHHQRU$TXLIHU7KLFNQHVV
3OXJ)ORZRU
'LVSHUVLRQ
3RQGZDWHULV
GLOXWHGZLWKJURXQGZDWHU
<
;
)LJXUH&RQFHSWXDOPRGHOIRUWKH*:6&5((1SHUFRODWLRQSRQGPRGHO
 
 0 PDVVRUDFWLYLW\RIFRQWDPLQDQWLQWKHSRQGVHGLPHQWV&LRUPJ
 λ/ OHDFKUDWHFRQVWDQWIURPSRQGVHGLPHQWV\
 λ( UDWHFRQVWDQWIRURWKHUORVVSURFHVVHVIURPWKHSRQGVHGLPHQWV\
 53 PDVVIOX[RIWKHFRQWDPLQDQWLQWRWKHSRQG&LRUPJ\

7KHOHDFKUDWHFRQVWDQWIRUSRQGVHGLPHQWVλ/LVJLYHQE\
 / SRQG
S G
 47 5 /:S
λ
θ
 
ZKHUH
 4SRQG QHWZDWHULQSXWUDWHLQWRWKHSRQGP\
 θS YROXPHWULFPRLVWXUHFRQWHQWLQWKHSRQGVHGLPHQWVPP
 5GS UHWDUGDWLRQIDFWRULQWKHSRQGVHGLPHQWV
 7 SRQGVHGLPHQWWKLFNQHVVP
 /: OHQJWKDQGZLGWKRIWKHSRQGP

K
K
$TXLIHU
SRQGZDWHU
SRQGVHGLPHQWV


T  .
 KK 
6LPSOLILHG+\GUDXOLF&RQFHSWXDO0RGHO
IRUWKH*:6&5((13RQG0RGHO
K
T
T
T T T
T ZDWHULQSXWUDWHP\
T ZDWHUIOX[DWDTXLIHUP\
T
T ZDWHUIOX[DWEDVH
RISRQGVHGLPHQWVP\
. VDWXUDWHGK\GUDXOLF
FRQGXFWLYLW\RISRQG
LIT!.WKHQVDWXUDWHGFRQGLWLRQV
DQGPRLVWXUHFRQWHQWLV
LIT.WKHQXQVDWXUDWHG
FRQGLWLRQVH[LVWDQGPRLVWXUH
FRQWHQWLVJLYHQE\WKHPRLVWXUH
K
FKDUDFWHULVWLFFXUYH
9DGRVH
=RQH
0HGLD
VHGLPHQWVP\
)UHH'UDLQDJH8QVDWXUDWHG
HTXDOWRWKHHIIHFWLYHSRURVLW\

)LJXUH6LPSOLILHGK\GUDXOLFFRQFHSWXDOPRGHOIRUWKH*:6&5((1SHUFRODWLRQSRQG
PRGHO
 
7KHYROXPHWULFPRLVWXUHFRQWHQWRIWKHSRQGVHGLPHQWVPD\EHHVWLPDWHGE\WKHHIIHFWLYH
SRURVLW\RIWKHSRQGVHGLPHQWVLIDSRQGKDVIRUPHG,IDSRQGKDVIRUPHGWKHQWKHSRQGVHGLPHQWVDUH
VDWXUDWHGDWOHDVWWRVRPHGHSWKDQGWKHYROXPHWULFPRLVWXUHFRQWHQWLVJLYHQE\WKHHIIHFWLYHSRURVLW\RI
WKHSRQGVHGLPHQWV)RUVDWXUDWHGFRQGLWLRQVWKHXQLWJUDGLHQWDVVXPSWLRQXVHGLQWKHOHDFKUDWHFRQVWDQW
LVYLRODWHGEHFDXVHWKHK\GUDXOLFJUDGLHQWLQWKHSRQGVHGLPHQWVLVQRORQJHUXQLW\UHVXOWLQJLQIDVWHU
ZDWHUWUDYHOWLPHVWKURXJKWKHVDWXUDWHGSRUWLRQRIWKHVHGLPHQW7KLVGHILFLHQF\LQWKHPRGHOFDQEH
FRPSHQVDWHGE\FKRRVLQJDFRQVHUYDWLYHYDOXHIRUWKHSRQGVHGLPHQWWKLFNQHVVWKHUHE\UHGXFLQJWKH
UHVLGHQFHWLPHRIWKHFRQWDPLQDQWLQWKHSRQGVHGLPHQWFRPSDUWPHQW
,IDSRQGIRUPVSHULRGLFDOO\RUH[LVWVIRURQO\SDUWRIWKH\HDUWKHQWKHYROXPHWULFZDWHUFRQWHQW
FDQEHHVWLPDWHGE\WKHK\GUDXOLFFRQGXFWLYLW\FXUYHIRUWKHSRQGVHGLPHQWV7KHLQILOWUDWLRQUDWH
DQQXDOGLVFKDUJHUDWHWRWKHSRQG>4SRQG@GLYLGHGE\WKHSRQGDUHDFDQEHFRPSDUHGWRWKHVDWXUDWHG
K\GUDXOLFFRQGXFWLYLW\RIWKHSRQGVHGLPHQWV,IWKHLQILOWUDWLRQUDWHLVOHVVWKDQWKHVDWXUDWHGK\GUDXOLF
FRQGXFWLYLW\WKHQXQVDWXUDWHGFRQGLWLRQVFDQEHDVVXPHGDQGWKHPRLVWXUHFRQWHQWFDQEHHVWLPDWHGE\D
FXUYHVLPLODUWR)LJXUHIRUSRQGVHGLPHQWV7KHPRLVWXUHFRQWHQWLQWKHXQVDWXUDWHG]RQHVHH6HFWLRQ
VKRXOGEHHVWLPDWHGLQWKHVDPHPDQQHUXVLQJWKHLQILOWUDWLRQUDWHLQWRWKHSRQGVHGLPHQWV
>4SRQG/×:@WRGHWHUPLQHWKHPRLVWXUHFRQWHQW
)URP(TXDWLRQLWLVHYLGHQWWKDWWKHSRQGVHGLPHQWWKLFNQHVVLVLQYHUVHO\UHODWHGWRWKHUDWH
DWZKLFKFRQWDPLQDQWVDUHOHDFKHGIURPWKHSRQGVHGLPHQWV7KHUHIRUHVHOHFWLRQRIWKHSRQGVHGLPHQW
WKLFNQHVVLVDQLPSRUWDQWIDFWRULQGHWHUPLQLQJLPSDFWVRIWKHSRQG7KHPRYHPHQWRIFRQWDPLQDQWV
WKURXJKDVRLOFROXPQXQGHUO\LQJDSHUFRODWLRQSRQGLVWUDQVLHQWLQQDWXUHDQGLVQRWWUHDWHGH[SOLFLWO\LQ
WKHSRQGPRGHO5DWKHUDVHGLPHQWOD\HULVGHILQHGZKHUHWKHFRQWDPLQDQWVDUHIUHHWRPL[DGVRUEDQG
GHVRUEDQGWKHQOHDYHWKHVSDFH(QJLQHHUHGSHUFRODWLRQSRQGVDUHQRWGHVLJQHGWRUHWDLQZDWHUUDWKHU
WKHK\GUDXOLFFKDUDFWHULVWLFVRIWKHPDWHULDOXQGHUO\LQJWKHSRQGDUHGHVLJQHGWRWUDQVPLWZDWHUIURPWKH
SRQGWRWKHXQGHUO\LQJVWUDWD2YHUWLPHKRZHYHUWKHK\GURORJLFFKDUDFWHULVWLFVRIWKHSRQGEDVHPD\
FKDQJHGXHWRLQILOOLQJRIWKHSRUHVSDFHIURPILQHJUDLQHGVHGLPHQWVVXVSHQGHGLQWKHGLVFKDUJHZDWHU
6HYHUDODSSURDFKHVWRHVWLPDWHWKHSRQGVHGLPHQWWKLFNQHVVDUHSUHVHQWHGQH[W7KHLQFRUSRUDWLRQRIDQ\
RIWKHVHDSSURDFKHVGHSHQGVRQVLWHVSHFLILFFRQVLGHUDWLRQVDQGDYDLODEOHGDWD
7KHILUVWDSSURDFKPDNHVXVHRIDQ\VLWHVSHFLILFGDWDWKDWPD\H[LVW,IFKDUDFWHUL]DWLRQGDWD
LQGLFDWHWKHSUHVHQFHRIDVHGLPHQWOD\HUDWWKHEDVHRIWKHSRQGWKDWLVGLVWLQFWLYHO\GLIIHUHQWIURPWKH
PDWHULDOWKHSRQGKDVEHHQFRQVWUXFWHGRYHUWKHQWKHWKLFNQHVVRIWKLVOD\HUFDQEHXVHGDVWKHSRQG
VHGLPHQWWKLFNQHVV7KHVHGDWDVKRXOGLQFOXGHVRPHHVWLPDWHRIWKHHIIHFWLYHSRURVLW\RIWKHSRQG
VHGLPHQWV
7KHVHFRQGDSSURDFKFRQVLGHUVDVHGLPHQWOD\HUXQGHUO\LQJWKHSRQGDQGRYHUO\LQJVWUDWDWKDW
KDVDVLJQLILFDQWO\KLJKHUFRQGXFWLYLW\7KLVDSSURDFKLVDSSOLFDEOHZKHQWKHPDMRULW\RIWKHXQVDWXUDWHG
]RQHIURPWKHEDVHRIWKHSRQGWRWKHDTXLIHULVFRPSRVHGRIPDWHULDOVKDYLQJDKLJKHUVDWXUDWHG
K\GUDXOLFFRQGXFWLYLW\WKDQWKHSRQGLQILOWUDWLRQUDWH.VDW!^4SRQG×/×:`,QWKLVFDVHXQVDWXUDWHG
IORZFDQEHDVVXPHGLQWKLVVWUDWD6XFKLVWKHFDVHDWWKH,1((/ZKHUHUHODWLYHO\WKLQVXUIDFHVHGLPHQWV
RYHUOLHWKLFNVHFWLRQVRIIUDFWXUHGEDVDOW7KHSRQGVHGLPHQWWKLFNQHVVLQWKLVFDVHPD\EHDVVXPHGWREH
VRPHIUDFWLRQRIWKHVXUIDFHVHGLPHQWWKLFNQHVV
7KHWKLUGDSSURDFKHPSOR\VDGHIDXOWSRQGVHGLPHQWWKLFNQHVVWREHXVHGZKHQGDWDDUHODFNLQJ
RUQRGHIHQVLEOHDUJXPHQWFDQEHPDGHWRGHILQHDWKLFNQHVV$YDOXHRIPLVVXJJHVWHGDVD
 
PLQLPXPGHIDXOWSRQGVHGLPHQWWKLFNQHVV$VHGLPHQWWKLFNQHVVRIPUHVXOWVLQHTXLOLEULXP
FRQGLWLRQVEHLQJHVWDEOLVKHGLQDUHODWLYHO\VKRUWDPRXQWRIWLPHXQGHUPRVWFRQGLWLRQVH[FHSWZKHQWKH
FRQWDPLQDQWKDVDKLJKGLVWULEXWLRQFRHIILFLHQW2QFHHTXLOLEULXPLVHVWDEOLVKHGFRQWDPLQDQWIORZUDWHV
LQWRDQGRXWRIWKHSRQGVHGLPHQWVDUHHTXDOUHVXOWLQJLQWKHPD[LPXPSRVVLEOHUHOHDVHWRWKH
XQVDWXUDWHG]RQH7KHPGHIDXOWWKLFNQHVVZDVDOVRXVHGDVDFRQWDPLQDQWOD\HUWKLFNQHVVGHIDXOWYDOXH
LQWKH5(65$'FRGH*LOEHUWHWDO
7KHUHWDUGDWLRQIDFWRUIRUWKHSRQGVHGLPHQWVLVJLYHQE\(TXDWLRQVXEVWLWXWLQJθSIRUθF7KH
VROXWLRQWR(TXDWLRQIRUWKHLQLWLDOFRQGLWLRQV0 0RZKHQW LV
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
$IWHURSHUDWLRQRIWKHSRQGFHDVHVWKHFRQWDPLQDQWLQYHQWRU\UHPDLQLQJLQWKHSRQGVHGLPHQWV
DUHVXEVHTXHQWO\OHDFKHGE\SHUFRODWLQJUDLQZDWHUDQGVQRZPHOW7KHLQYHQWRU\RIFRQWDPLQDQWVLQWKH
SRQGVHGLPHQWVDWWKHHQGRIRSHUDWLRQLVJLYHQE\0WLQ(TXDWLRQHYDOXDWHGDWWLPHWRSWKH
RSHUDWLRQDOOLIHWLPHRIWKHSRQG3RVWSRQGRSHUDWLRQOHDFKLQJLVHYDOXDWHGXVLQJ(TXDWLRQZKHUH0R
 0WRSDQGλ( 
7KHIOX[WRWKHXQVDWXUDWHG]RQH)VGXULQJWKHRSHUDWLRQSHULRGRIWKHSRQGLVJLYHQE\
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DQGWKHIOX[WRWKHXQVDWXUDWHG]RQHDIWHUWKHRSHUDWLRQDOSHULRGLVJLYHQE\(TXDWLRQ
'LOXWLRQ
7KH*:6&5((1FRQFHSWXDOPRGHOIDLOVWRDFFRXQWIRUDGGLWLRQDOZDWHUVRXUFHVLQWKHDTXLIHU
7\SLFDOO\XQGHUEDFNJURXQGLQILOWUDWLRQFRQGLWLRQVWKHYROXPHRISUHFLSLWDWLRQGHULYHGSHUFRODWLQJZDWHU
WKDWUHDFKHVWKHDTXLIHUIURPWKHVRXUFHDUHDLVLQVLJQLILFDQWFRPSDUHGWRWKHYROXPHRIZDWHUIORZLQJLQ
WKHDTXLIHUDFURVVWKHVDPHDUHD6XFKPD\QRWEHWKHFDVHIRUDQLQILOWUDWLRQSRQGZKHUHWKHYROXPHRI
ZDWHUHQWHULQJWKHDTXLIHUIURPWKHVRXUFHPD\PDNHXSDFRQVLGHUDEOHIUDFWLRQRIWKHIORZLQWKHDTXLIHU
GLUHFWO\EHQHDWKWKHVRXUFH7KHSRQGPRGHODFFRXQWVIRUWKLVDGGLWLRQDOZDWHULQWKHDTXLIHUIURP
SHUFRODWLQJSRQGZDWHUWKURXJKDGLOXWLRQIDFWRU7KHGLOXWLRQIDFWRUWDNHVRQDYDOXHRI≤DQG
UHSUHVHQWVWKHUDWLRRIWKHDTXLIHUIORZDFURVVWKHFURVVVHFWLRQDODUHDRIWKHFRQWDPLQDQWSOXPHWRWKH
WRWDOIORZDFURVVWKDWDUHDLQFOXGLQJZDWHUGHULYHGIURPVXUIDFHSHUFRODWLRQ7KLVIDFWRUPD\DOVREH
FDOFXODWHGIRUDQ\RWKHUPRGHOHPSOR\HGLQ*:6&5((1%HIRUHSURFHHGLQJZLWKDVLPXODWLRQWKH
ZDWHUIOX[WRWKHDTXLIHUVKRXOGEHFRPSXWHGDQGFRPSDUHGWRWKHIORZLQWKHDTXLIHUDFURVVWKHFURVV
VHFWLRQDODUHDRIWKHVRXUFHWKDWLVSHUSHQGLFXODUWRJURXQGZDWHUIORZ)RUWKHSRQGPRGHOWKHZDWHU
IOX[WRWKHDTXLIHULV4SRQG)RUWKHVXUIDFHEXULHGVRXUFHPRGHORUXVHUGHILQHGPRGHOWKHZDWHUIOX[LV
/×:×3,IWKHZDWHUIOX[WRWKHDTXLIHUUHSUHVHQWVDVLJQLILFDQWTXDQWLW\RIWKHDTXLIHUIORZDFURVVWKH
FURVVVHFWLRQDODUHDRIWKHVRXUFHVD\ZLWKLQDIDFWRURIWKHQWKHGLOXWLRQIDFWRURSWLRQLQWKHFRGH
VKRXOGEHH[HUFLVHG7KHGLOXWLRQIDFWRULVJLYHQE\
 
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ZKHUH
 ε QXPEHURIVWDQGDUGGHYLDWLRQVRIWKHFRQWDPLQDQWSOXPHSHUSHQGLFXODUWRIORZIURPWKH
SOXPHFHQWHUOLQHIL[HGDW
 σ\ VWDQGDUGGHYLDWLRQRIWKHSOXPHSHUSHQGLFXODUWRIORZ>'\W5G@P
 '\ WUDQVYHUVHGLVSHUVLRQFRHIILFLHQWLQWKHDTXLIHUVHHDTXLIHUPRGHO>P\±@
 Z ZLGWKRIVRXUFHSHUSHQGLFXODUWRJURXQGZDWHUIORZP
 E DTXLIHUWKLFNQHVVP
 8 DTXLIHUSRUHYHORFLW\P\±
 η DTXLIHUSRURVLW\
 TWRWDO WRWDOZDWHUIOX[IURPWKHVRXUFHP\±
7KHGLOXWLRQIDFWRULVPXOWLSOLHGE\WKHRXWSXWFRQFHQWUDWLRQDQGKDVWKHQHWHIIHFWRIUHGXFLQJWKH
FRQFHQWUDWLRQ:KHQXVLQJWKHSRQGPRGHORULQDQ\RWKHUVRXUFHZKHUHWKHVXUIDFHZDWHUIOX[LV
FRPSDUDEOHWRWKHIORZLQWKHDTXLIHUDFURVVWKHFURVVVHFWLRQDODUHDWKLVRSWLRQVKRXOGEHH[HUFLVHG7KH
DSSURDFKRXWOLQHGKHUHIRUDGGUHVVLQJGLOXWLRQSUREOHPVLVVRPHZKDWGLIIHUHQWWKDQZKDWZDVXVHGLQ
HDUOLHUYHUVLRQVRI*:6&5((1
7DEXODWHG6RXUFH0RGHO7DEXODWHG6RXUFH0RGHO
7KHXVHUPD\FKRRVHWRFDOFXODWHDPDVVIOX[IURPWKHVRXUFHYROXPHXVLQJDQRWKHUPRGHO,Q
VXFKFDVHVWKHXVHUSURYLGHVFRQWDPLQDQWPDVVIOX[HVDVDIXQFWLRQRIWLPHIURPWKHVRXUFHYROXPHDQG
RQO\WKHVDWXUDWHG]RQHDQGXQVDWXUDWHG]RQHPRGHOHPSOR\HGLQ*:6&5((1DUHXVHGWRFDOFXODWH
JURXQGZDWHUFRQFHQWUDWLRQVDWWKHUHFHSWRUSRLQW7KHXQVDWXUDWHG]RQHPRGHOPD\DOVREHLJQRUHGE\
VHWWLQJLWVWKLFNQHVVHTXDOWR]HUR
8QVDWXUDWHG=RQH0RGHO8QVDWXUDWHG=RQH0RGHO
 7KHXQVDWXUDWHG]RQHLVGHILQHGDVWKH]RQHEHWZHHQWKHEDVHRIWKHVRXUFHYROXPHDQGWKHWRSRI
WKHDTXLIHU7KHXQVDWXUDWHG]RQHLVDVVXPHGWREHDKRPRJHQHRXVLVRWURSLFSRURXVPHGLDZLWK
FRQVWDQWXQLGLUHFWLRQDOIORZLQWKHYHUWLFDOGRZQZDUGGLUHFWLRQ7KHPRGHODOORZVIRUGLIIHUHQFHVLQ
WKHWUDQVSRUWSURSHUWLHVEHWZHHQWKHXQVDWXUDWHG]RQHVRXUFHYROXPHDQGVDWXUDWHG]RQH7ZRGLIIHUHQW
WUDQVSRUWPRGHOVDUHLQFRUSRUDWHGLQWR9HUVLRQDQDGYHFWLYHGLVSHUVLYHVROXWLRQDQGDSOXJIORZ
PRGHO,QWKHSOXJIORZPRGHOQRQVRUELQJFRQWDPLQDQWVPRYHZLWKWKHYHUWLFDOYHORFLW\RIWKHZDWHU
7KLVYHORFLW\LVFDOFXODWHGDVVXPLQJWKHXQLWJUDGLHQWFRQGLWLRQDVGLVFXVVHGSUHYLRXVO\)RUPRVW
FRQWDPLQDQWVWKHSOXJIORZPRGHOLVDFRQVHUYDWLYHDVVXPSWLRQVLQFHWKHSHDNIOX[WRWKHDTXLIHU
H[FHHGVWKHSHDNIOX[ZKHQGLVSHUVLRQLVFRQVLGHUHG)RUFRQWDPLQDQWVZLWKVKRUWKDOIOLYHVUHODWLYHWR
WKHLUUHVLGHQFHWLPHLQWKHXQVDWXUDWHG]RQHWKHSOXJIORZDVVXPSWLRQPD\QRWEHFRQVHUYDWLYHVLQFHWKH
FRQWDPLQDQWZLOODUULYHVRRQHUORZHUUHVLGHQFHWLPHLQWKHXQVDWXUDWHG]RQHZKHQGLVSHUVLRQLV
FRQVLGHUHGWKHUHE\DOORZLQJOHVVWLPHWRGHFD\7KLVREVHUYDWLRQZDVQRWHGE\6HLW]HWDODQG
PD\EHFRPHDVLJQLILFDQWIDFWRUZKHQWKHXQVDWXUDWHGWUDQVLWWLPH>VHH(TXDWLRQ@LVJUHDWHUWKDQ
WLPHVWKHKDOIOLIHRIWKHFRQWDPLQDQW)RUWKHVHUHDVRQVVROXWLRQVWRWKHDGYHFWLRQGLVSHUVLRQHTXDWLRQ
 
ZHUHLPSOHPHQWHGLQWKHXQVDWXUDWHGWUDQVSRUWPRGHO$UXOHRIWKXPEWRHQVXUHFRQVHUYDWLVPLVWRPDNH
VXUHWKHFRQWDPLQDQWWUDQVLWWLPHLQWKHXQVDWXUDWHG]RQH7DGRHVQRWH[FHHGWLPHVWKHKDOIOLIHRIWKH
FRQWDPLQDQWZKHQWKHSOXJIORZPRGHOLVXVHGRWKHUZLVHWKHGLVSHUVLYHVROXWLRQVKRXOGEHXVHG,I
UDGLRDFWLYHFRQWDPLQDQWVZLWKSURJHQ\DUHEHLQJPRGHOHGWKHQRWKHUIDFWRUVPD\DOVRKDYHWREH
FRQVLGHUHG7KHVHIDFWRUVLQFOXGHWKHKDOIOLYHVDQGHTXLOLEULXPFRQGLWLRQVRIWKHSURJHQ\DWWKHWLPHRI
PD[LPXPSDUHQWFRQFHQWUDWLRQDQGWKHGRVHFRQYHUVLRQDQGVORSHIDFWRUVRIWKHSDUHQWDQGSURJHQ\VHH
GLVFXVVLRQLQ6HFWLRQ
3OXJ)ORZ0RGHO
7KHDPRXQWRIGHFD\WKDWRFFXUVGXULQJWUDQVLWLVDIXQFWLRQRIWKHFRQWDPLQDQWWUDQVLWWLPHLQWKH
XQVDWXUDWHG]RQH7KHWUDQVLWWLPHLQWKHXQVDWXUDWHG]RQH7DLVJLYHQE\WKHIROORZLQJ
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X
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
ZKHUH
 ;X WKHGLVWDQFHIURPWKHEDVHRIWKHVRXUFHYROXPHWRWKHWRSRIWKHDTXLIHUP
 8X WKHXQVDWXUDWHGSRUHYHORFLW\P\±
 5GX WKHUHWDUGDWLRQIDFWRULQWKHXQVDWXUDWHG]RQH

7KHXQVDWXUDWHGSRUHYHORFLW\8XLVJLYHQE\
 X
X
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θ
 
ZKHUH
 θX WKHYROXPHWULFZDWHUFRQWHQWLQWKHXQVDWXUDWHG]RQHPP±

9ROXPHWULFZDWHUFRQWHQWDVDIXQFWLRQRILQILOWUDWLRQFDQEHGHWHUPLQHGXVLQJDJUDSKOLNH
LOOXVWUDWHGLQ)LJXUHRU(TXDWLRQVDQG)RUWKHSRQGPRGHO3LVJLYHQE\4SRQG÷/×:,IWKH
SRQGPRGHOLVEHLQJXVHGDQGVRPHRIWKHVXEVXUIDFHOD\HUVKDYHPXFKORZHUK\GUDXOLFFRQGXFWLYLW\WKDQ
VXUURXQGLQJPHGLDWKHQWKHSUHVHQFHRISHUFKHGZDWHUVKRXOGEHLQYHVWLJDWHG,ISHUFKHGZDWHULV
SUHVHQWDQGIORZLVFRQWUROOHGE\WKHVHOD\HUVWKHQVDWXUDWHGFRQGLWLRQVPD\EHDVVXPHG+RZHYHUD
K\GURJHRORJLVWVKRXOGEHFRQVXOWHGDWWKLVSRLQWEHFDXVHWKHWUDYHOWLPHWKURXJKWKHVHOD\HUVFDQEH
XQGHUHVWLPDWHGEHFDXVHRIWKHSUHVHQFHRIDK\GUDXOLFJUDGLHQWWKDWLVJUHDWHUWKDQXQLW\5HPHPEHUWKH
SXUSRVHRIHVWLPDWLQJWKHPRLVWXUHFRQWHQWLQWKHXQVDWXUDWHG]RQHLVWRDUULYHDWDQHVWLPDWHRIWKHSRUH
ZDWHUYHORFLW\DQGWKHUHE\DQHVWLPDWHRIWKHPHDQZDWHUWUDYHOWLPHIURPWKHVRXUFHWRWKHDTXLIHU$
UHSUHVHQWDWLYHPRLVWXUHFRQWHQWWKDW\LHOGVDZDWHUWUDYHOWLPHWKDWLVFRQVLVWHQWZLWKREVHUYDWLRQVFDQ
DOZD\VEHXVHGLQVWHDGRIWKHPHWKRGVSUHVHQWHGLQWKLVGRFXPHQWIRUHVWLPDWLRQRIPRLVWXUHFRQWHQW,I
REVHUYDWLRQVDQGGDWDDUHDYDLODEOHLWLVVWURQJO\UHFRPPHQGHGWKDWWKHVHEHLQFRUSRUDWHGLQWRWKH
VLPXODWLRQ
7KHUHWDUGDWLRQIDFWRU5GXLQWKHXQVDWXUDWHG]RQHLVJLYHQE\
 
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
ZKHUH
 .GX WKHGLVWULEXWLRQFRHIILFLHQWLQWKHXQVDWXUDWHG]RQHP/J±
 ρX WKHEXONGHQVLW\LQWKHXQVDWXUDWHG]RQHJFP±

7KHIUDFWLRQRIPDVVRUDFWLYLW\WKDWUHPDLQVDIWHUWUDQVLWWKURXJKWKHXQVDWXUDWHG]RQHILV
JLYHQE\(TXDWLRQ
 I  H 7G Dλ  
7KHFRQWDPLQDQWIOX[WRWKHDTXLIHU)DLVJLYHQE\(TXDWLRQDQGLWLVWKURXJKWKLVWHUPWKDW
WKHSOXJIORZXQVDWXUDWHG]RQHDQGVDWXUDWHG]RQHPRGHOVDUHFRXSOHG
 D /
D
) I 4WOHDFKLQJUHOHDVHV
)  I 5VROXELOLW\OLPLWHGUHOHDVHV
= λ  
)RUWKHSRQGPRGHOWKHXQVDWXUDWHGWUDYHOWLPHLVGLIIHUHQWEHIRUHDQGDIWHUWKHRSHUDWLRQDO
SHULRG$IWHUGLVFKDUJHWRWKHSRQGFHDVHVOHDFKLQJLVE\UDLQZDWHURUVQRZPHOWUHVXOWLQJLQORZHU
ZDWHUIOX[HVDQGKLJKHUWUDQVLWWLPHVLQWKHXQVDWXUDWHG]RQH$WSUHVHQW*:6&5((1LJQRUHVWKLV
GLIIHUHQFHDQGXVHVWKHXQVDWXUDWHGSRUHYHORFLW\FRPSXWHGZKLOHWKHSRQGLVLQRSHUDWLRQWKURXJKRXWWKH
VLPXODWLRQ6XUIDFHOHDFKLQJIURPWKHSRQGVHGLPHQWVLVUHGXFHGDFFRUGLQJWRWKHUHGXFWLRQLQWKHQHW
LQILOWUDWLRQEHIRUHDQGDIWHUSRQGRSHUDWLRQ
'LVSHUVLRQ0RGHOIRU8QVDWXUDWHG7UDQVSRUW
7KHGLVSHUVLRQPRGHOIRUXQVDWXUDWHGWUDQVSRUWLQFRUSRUDWHVWKHVDPHDVVXPSWLRQVDERXWIORZDV
WKHSOXJIORZPRGHO)ORZLVDVVXPHGWREHVWHDG\VWDWHXQLGLUHFWLRQDOGRZQZDUGDQGXQGHUXQLW
JUDGLHQWFRQGLWLRQV7KHXQVDWXUDWHG]RQHLVDVVXPHGWREHDKRPRJHQHRXVLVRWURSLFPHGLDRILQILQLWH
H[WHQW6ROLGDQGOLTXLGFRQWDPLQDQWSKDVHVDUHDVVXPHGWREHLQHTXLOLEULXPDQGUHODWHGE\WKHOLQHDU
GLVWULEXWLRQFRHIILFLHQW7KHPDVVEDODQFHHTXDWLRQGHVFULELQJWUDQVSRUWLQRQHGLPHQVLRQLV
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ZKHUH
 & FRQFHQWUDWLRQPJRU&LP±
 8X XQVDWXUDWHGSRUHYHORFLW\IORZLQWKHSRVLWLYH[GLUHFWLRQP\±
 '[ GLVSHUVLRQFRHIILFLHQWLQWKH[GLUHFWLRQP\±
 W WLPH\
 [ GLVWDQFHWUDYHUVHGSDUDOOHOWRGLUHFWLRQRIIORZP
7KHVROXWLRQWR(TXDWLRQIRUDQLQVWDQWDQHRXVUHOHDVHDW[ LV
 
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7KHFRQWDPLQDQWIOX[SHUXQLWDUHDDWDGLVWDQFH[IRUDYHUWLFDOSODQHVRXUFHRULHQWHGSHUSHQGLFXODUWR
IORZLVJLYHQE\(TXDWLRQ
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
(TXDWLRQLVIRUPXODWHGLQWHUPVRIDQLQVWDQWDQHRXVUHOHDVH6ROXWLRQVIRUDUELWUDU\VRXUFHVFDQEH
DUULYHGDWWKURXJKWKHXVHRIWKHFRQYROXWLRQLQWHJUDO&RGHOOHWDO
 Θ Θ= − ) W GVR
W
L   τ τ τ  
ZKHUH
Θ WKHVROXWLRQDWWLPHWIRUDQDUELWUDU\VRXUFH)V
 )Vτ WKHDUELWUDU\VRXUFHUHOHDVHDWWLPHτ
 ΘLWτ WKHVROXWLRQIRUDQLQVWDQWDQHRXVVRXUFHUHOHDVHGDWWτ 

(TXDWLRQVDQGDUHVROYHGXVLQJHLWKHU*DXVV/HJHQGUHRU6LPSVRQUXOHLQWHJUDWLRQ7KH
VRXUFHLQ(TXDWLRQ>)τ@LVHLWKHUDVXUIDFHRUEXULHGVRXUFH(TXDWLRQDQGLQILOWUDWLRQSRQG
(TXDWLRQRUDXVHUGHILQHGDUELWUDU\UHOHDVH7KHIOX[PDVVRUDFWLYLW\SHUXQLWWLPHDWWLPHWLV
VXEVHTXHQWO\SDVVHGWRWKHDTXLIHUPRGHO
6DWXUDWHG=RQH0RGHO6DWXUDWHG=RQH0RGHO
7KHVDWXUDWHG]RQHPRGHOLVEDVHGRQDQDQDO\WLFVROXWLRQWRWKHDGYHFWLRQGLVSHUVLRQHTXDWLRQ
IRUFRQWDPLQDQWVLQDVDWXUDWHGSRURXVPHGLD7KHVHVROXWLRQVZHUHRULJLQDOO\GHYHORSHGE\&RGHOOHWDO
DQGKDYHEHHQXVHGIRUDVVHVVPHQWRIUDGLRQXFOLGHWUDQVSRUWLQJURXQGZDWHU7KHVHVROXWLRQV
DSSO\HTXDOO\DVZHOOWRQRQUDGLRORJLFDOFRQWDPLQDQWV7KHPRGHOFRQWDLQVWKHIROORZLQJDVVXPSWLRQV
DQGOLPLWDWLRQV

 7KHPRGHOXVHVD&DUWHVLDQFRRUGLQDWHV\VWHP[\]DVDIUDPHRIUHIHUHQFH7KHSRVLWLYH[
GLUHFWLRQLVLQWKHGLUHFWLRQRIIORZ
 
 7KHIORZLVXQLIRUPDQGXQLGLUHFWLRQDO1RVRXUFHVRUVLQNVDUHDFFRXQWHGIRU
 7KHDTXLIHULVPRGHOHGDVDQLVRWURSLFKRPRJHQHRXVSRURXVPHGLDRILQILQLWHODWHUDOH[WHQWDQG
ILQLWHWKLFNQHVV
 0ROHFXODUGLIIXVLRQLVDVVXPHGWREHQHJOLJLEOH
 7KHVRXUFHFDQEHUHSUHVHQWHGE\DUHFWDQJXODUDUHDRIOHQJWK/DQGZLGWK:DQGFHQWHUHGDW
WKHRULJLQ
 7KHGLVSHUVLRQFRHIILFLHQWVUHPDLQFRQVWDQWRYHUWLPH
 7UDQVSRUWLVOLPLWHGWRDVLQJOHVSHFLHWKDWPD\GHFD\RUGHJUDGHDVDIXQFWLRQRIWLPH
5DGLRDFWLYHSURJHQ\DUHDVVXPHGWRWUDYHODWWKHVDPHUDWHDVWKHLUSDUHQW
 7KHFRQWDPLQDQWLVDVVXPHGWRPRYHDVDGLVVROYHGVXEVWDQFH7UDQVSRUWLQOLTXLGRUJDQLFDQG
YDSRUSKDVHVDUHQRWFRQVLGHUHG
 6ROLGDQGOLTXLGSKDVHVDUHLQHTXLOLEULXPDQGFRQFHQWUDWLRQVDUHUHODWHGE\WKHOLQHDU
GLVWULEXWLRQFRHIILFLHQW.G
 7KHWZRGLPHQVLRQDO'VROXWLRQDVVXPHVWKDWWKHFRQWDPLQDQWLVPL[HGYHUWLFDOO\]
GLUHFWLRQLQD]RQHGHILQHGE\WKHOHQJWKRIDW\SLFDOZHOOVFUHHQIRUDGULQNLQJZDWHUZHOORU
WKHWKLFNQHVVRIWKHDTXLIHU7KHWKUHHGLPHQVLRQDO'VROXWLRQFRQVLGHUVYHUWLFDOGLVSHUVLRQ
LQWKHDTXLIHU
$VVXPSWLRQVWDWHVWKDWJURXQGZDWHUFRQFHQWUDWLRQVZLOOEHDYHUDJHGPL[HGRYHUWKH
WKLFNQHVVRIWKHZHOOVFUHHQIRUWKH'VROXWLRQ7KLVDVVXPSWLRQLVUHDVRQDEOHIRUUHFHSWRUZHOOVFORVH
WRWKHVRXUFHVLQFHFRQWDPLQDQWVSRRUO\PL[HGLQWKHYHUWLFDOGLUHFWLRQZLOOEHGLOXWHGE\ZDWHUGUDZQ
RYHUWKHHQWLUHZHOOVFUHHQLQWHUYDO)RUUHFHSWRUZHOOVORFDWHGIDUWKHUGRZQJUDGLHQWIURPWKHVRXUFHWKH
HVWLPDWHGFRQFHQWUDWLRQZLOOEHFRQVHUYDWLYHVLQFHWKHFRQWDPLQDQWSOXPHZLOOOLNHO\H[WHQGWRJUHDWHU
GHSWKVWKDQWKHDVVXPHGZHOOVFUHHQWKLFNQHVV,QWKHVHFDVHVDODUJHUPL[LQJWKLFNQHVVPD\EH
MXVWLILHG7KHXVHUPD\DOVRVHOHFWD'GLVSHUVLRQVROXWLRQ&RQFHQWUDWLRQVFDOFXODWHGXVLQJWKH'
VROXWLRQPD\EHDYHUDJHGRYHUDQ\ZHOOVFUHHQWKLFNQHVVDQGWKHFRQWDPLQDQWPDVVLVQRWUHVWULFWHGWR
WKHPL[LQJWKLFNQHVVUDWKHULWLVUHVWULFWHGWRWKHWKLFNQHVVRIWKHDTXLIHUVHH)LJXUH
&DOLEUDWLRQVWXGLHVDWWKH,1((/XVLQJWKHJURXQGZDWHUPRGHOGHVFULEHGLQWKLVGRFXPHQWKDYH
EHHQSHUIRUPHGE\&RGHOOHWDODQG5RRGHWDO7ULWLXPSOXPHVIURPWKH,GDKR&KHPLFDO
3URFHVVLQJ3ODQWLQMHFWLRQZHOODQGWKH7HVW5HDFWRU$UHDSHUFRODWLRQSRQGVZHUHPRGHOHG7KH
SUHGLFWHGFRQFHQWUDWLRQPDWFKHGPHDVXUHGGDWDUHDVRQDEO\ZHOOFRQVLGHULQJWKHVLPSOLILFDWLRQVDQG
DVVXPSWLRQVRIWKHPRGHOKRZHYHUWKHUHVXOWVZHUHQRWDVDFFXUDWHDVWKRVHPDGHE\DILQLWHGLIIHUHQFH
PRGHO5REHUWVRQ'LIIHUHQFHVZHUHDWWULEXWHGWRWKHDELOLW\RIWKHILQLWHGLIIHUHQFHPRGHOWR
LQFRUSRUDWHVSDWLDOGLIIHUHQFHVLQWKHIORZILHOG7KLVSUREOHPLVUHGXFHGLQVLPXODWLRQVZKHUHWKH
K\SRWKHWLFDOZHOOWREHPRGHOHGLVUHODWLYHO\FORVHWRWKHVRXUFHDERXWPWKHUHE\UHGXFLQJWKH
HIIHFWRIVSDWLDOYDULDELOLW\LQJURXQGZDWHUIORZ
 

7KHPDVVEDODQFHHTXDWLRQWKDWGHVFULEHVFRQWDPLQDQWWUDQVSRUWIRUWKHVWDWHGDVVXPSWLRQVLV
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ZKHUH
 & FRQFHQWUDWLRQPJRU&LP±
 8 DYHUDJHOLQHDUYHORFLW\RUJURXQGZDWHUSRUHYHORFLW\P\±
 '['\'] GLVSHUVLRQFRHIILFLHQWLQWKH[\DQG]GLUHFWLRQP\±
 5G UHWDUGDWLRQIDFWRULQWKHDTXLIHU
 W WLPH\
 [ GLVWDQFHIURPFHQWHURIDUHDVRXUFHWRUHFHSWRUSDUDOOHOWRJURXQGZDWHUIORZP
 \ GLVWDQFHIURPFHQWHURIDUHDVRXUFHWRUHFHSWRUSHUSHQGLFXODUWRJURXQGZDWHUIORZP
 ] GLVWDQFHIURPWKHVXUIDFHRIWKHDTXLIHUP
7KHUHWDUGDWLRQIDFWRULQWKHDTXLIHULVJLYHQE\
 G GD D5   . ρη  
ZKHUH
 η WKHHIIHFWLYHSRURVLW\RIWKHDTXLIHUPP±
 .GD WKHGLVWULEXWLRQFRHIILFLHQWLQWKHDTXLIHUP/J±
:HOO6FUHHQ&RQWDPLQDQW3OXPH
'6ROXWLRQ
$TXLIHU6XUIDFH
$TXLIHU7KLFNQHVV
;
3OXPH*HRPHWU\IRUWKH''LVSHUVLYH6ROXWLRQ
&RQWDPLQDQW3OXPH
'6ROXWLRQ
DQG'9HUWLFDOO\$YHUDJHG6ROXWLRQ6RXUFH
= $TXLIHU%DVH 
)LJXUH3OXPHJHRPHWU\IRUWKH'GLVSHUVLYHVROXWLRQDQG'YHUWLFDOO\DYHUDJHGVROXWLRQ7KH
WZRGLPHQVLRQDOVROXWLRQDVVXPHVWKDWWKHFRQWDPLQDQWLVPL[HGYHUWLFDOO\]GLUHFWLRQLQD]RQH
GHILQHGE\WKHOHQJWKRIDW\SLFDOZHOOVFUHHQIRUDGULQNLQJZDWHUZHOORUWKHWKLFNQHVVRIWKH
DTXLIHU7KHWKUHHGLPHQVLRQDOVROXWLRQFRQVLGHUVYHUWLFDOGLVSHUVLRQLQWKHDTXLIHU
 
 ρD WKHEXONGHQVLW\LQWKHDTXLIHUJFP±
7KHGLVSHUVLRQFRHIILFLHQWV'['\']DUHJLYHQE\
 [ / \ 7 ] 9'  8 '  8 '  8α α α  
ZKHUH
 α/ WKHORQJLWXGLQDOGLVSHUVLYLW\P
 α7 WKHWUDQVYHUVHGLVSHUVLYLW\P
 α9 WKHYHUWLFDOGLVSHUVLYLW\P
7KHYHUWLFDOO\DYHUDJHG*UHHQ
VIXQFWLRQVROXWLRQWR(TXDWLRQIRULQVWDQWDQHRXVUHOHDVHRI
PDVV0DDWW DWWKHVXUIDFHRIDQDUHDGHILQHGE\/DQG:DQGLQLWLDOFRQFHQWUDWLRQRI]HUR
HYHU\ZKHUHLQWKHPRGHOGRPDLQLVJLYHQE\

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ZKHUH
 E WKHZHOOVFUHHQWKLFNQHVVRUPL[LQJGHSWKP
 0D WKHLQLWLDOWRWDOPDVVLQWKHYROXPHGHILQHGE\/×:×E
 HUI WKHHUURUIXQFWLRQ
 / OHQJWKRIVRXUFHSDUDOOHOWRJURXQGZDWHUIORZP
 : ZLGWKRIVRXUFHSHUSHQGLFXODUWRJURXQGZDWHUIORZP
7KHWHUPV/DQG:DUHLGHQWLFDOWRWKRVHGHILQHGLQ(TXDWLRQ)RUWKH'VROXWLRQWKHWHUP
ELQ(TXDWLRQLVUHSODFHE\=
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ZKHUH
] UHFHSWRUGLVWDQFHEHORZWKHVXUIDFHRIWKHDTXLIHUP
7KH'VROXWLRQJLYHVWKHFRQFHQWUDWLRQDWDSRLQWVSHFLILHGE\[\]LQWKHDTXLIHU2IWHQWKH
DYHUDJHFRQFHQWUDWLRQRYHUDVFUHHQHGLQWHUYDOLVPRUHXVHIXOWKDQFRQFHQWUDWLRQDWDSRLQW7KHDYHUDJH
FRQFHQWUDWLRQRYHUDVFUHHQHGZHOOLQWHUYDOEZIURPWKHVXUIDFHRIWKHDTXLIHUWRGHSWKEZIRUWKHWKUHH
GLPHQVLRQDOVROXWLRQLVJLYHQE\
 
 'DYJ
E
Z
& [ \]W 
&[ \]WG]
E

Z
  

)RUDQDUELWUDU\UHOHDVHWKHFRQFHQWUDWLRQPD\EHIRXQGE\WKHFRQYROXWLRQLQWHJUDO(TXDWLRQ
UHSODFLQJ)VZLWK)DWKHIOX[WRWKHDTXLIHU)RUVRPHFRQWDPLQDQWVWKHDYHUDJHFRQFHQWUDWLRQRYHU
DSHULRGRIH[SRVXUHLVGHVLUHG,IWKHSHDNFRQFHQWUDWLRQPD[LPXPFRQFHQWUDWLRQREVHUYHGDWWKH
VSHFLILHGUHFHSWRUSRLQWLVERXQGHGE\WKHWLPHSHULRGV7DDQG7EWKHQWKHPD[LPXPDYHUDJH
FRQFHQWUDWLRQLVJLYHQE\
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ZKHUH
 7D7E DYHUDJLQJWLPHSHULRG\HDUV
6FDOH'HSHQGHQW'LVSHUVLYLW\
7KHVFDOHGHSHQGHQWQDWXUHRIK\GURG\QDPLFGLVSHUVLRQKDVEHHQNQRZQIRUDERXW\HDUV;X
DQG(FNVWHLQ0HDVXUHPHQWVRIGLVSHUVLYLW\LQODERUDWRU\VFDOHH[SHULPHQWV\LHOGHVWLPDWHVWKDW
DUHPXFKVPDOOHUWKDQWKRVHPHDVXUHGLQWKHILHOG)UHH]HDQG&KHUU\DQGILHOGVFDOHH[SHULPHQWV
DOVRRIWHQ\LHOGGLIIHUHQWGLVSHUVLYLW\HVWLPDWHVZKHQWKHVFDOHRIWKHH[SHULPHQWLVLQFUHDVHGIURPDIHZ
KXQGUHGPHWHUVWRWKRXVDQGVRIPHWHUV5HJUHVVLRQIRUPXODVUHODWLQJGLVSHUVLYLW\WRILHOGVFDOHVL]HKDYH
EHHQSURSRVHG>$U\D1HXPDQ@7KHVHVWXGLHVXVHGOLPLWHGGDWDLQWKHLUUHJUHVVLRQVDQG
GLVFDUGHGWKRVHGDWDSRLQWVWKDWZHUHFRQVLGHUHGXQUHOLDEOH;XDQG(FNVWHLQGHYHORSHG
UHJUHVVLRQHTXDWLRQVEDVHGRQDZHLJKWHGOHDVWVTXDUHVPHWKRGWKDWLQFRUSRUDWHVDOODYDLODEOHILHOGDQG
H[SHULPHQWDOGDWD7KHZHLJKWLQJPHWKRGDVVLJQVZHLJKWVDFFRUGLQJWRWKHUHOLDELOLW\RIWKHGDWD'DWD
SRLQWVZHUHVHJUHJDWHGLQWRWKUHHFODVVHVORZLQWHUPHGLDWHDQGKLJKUHOLDELOLW\DQGDZHLJKWZDV
DVVLJQHGWRHDFKFODVV7KUHHUHJUHVVLRQHTXDWLRQVZHUHIRUPXODWHGEDVHGRQWKUHHGLIIHUHQWZHLJKWLQJ
VFKHPHVDQG,QWKHZHLJKWLQJVFKHPHVWKHILUVWQXPEHUUHSUHVHQWVWKHZHLJKW
DVVLJQHGWRORZUHOLDELOLW\SRLQWVWKHVHFRQGQXPEHUUHSUHVHQWVWKHZHLJKWDVVLJQHGWRLQWHUPHGLDWH
UHOLDELOLW\SRLQWVDQGWKHWKLUGQXPEHUUHSUHVHQWVWKHZHLJKWDVVLJQHGWRKLJKUHOLDELOLW\SRLQWV1RWHWKDW
WKHILUVWZHLJKLQJVFKHPHDVVLJQVHTXDOZHLJKWWRDOOUHOLDELOLW\GDWDFODVVHV7KHUHJUHVVLRQHTXDWLRQV
\LHOGHVWLPDWHVRIWKHORQJLWXGLQDOGLVSHUVLYLW\α/LQPHWHUVDVDIXQFWLRQRIWKHILHOGVFDOHOHQJWK/LQ
PHWHUVDQGDUHJLYHQE\
 ( )α / / IRU VFKHPH=    ORJ    
 ( )α / / IRU VFKHPH=     ORJ     
 ( )α / / IRU VFKHPH=     ORJ    
7KHDQDO\VLVUHSRUWHGLQ;XDQG(FNVWHLQVKRZVDVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHZHLJKWHG
DQGXQZHLJKWHGFXUYHVDQGIXUWKHUDQDO\VLVLQGLFDWHGWKDWLQFUHDVHLQWKHORQJLWXGLQDOGLVSHUVLYLW\ZDV
 
QHJOLJLEOHZKHQWKHVFDOHRIIORZH[FHHGVNP&RUUHODWLRQFRHIILFLHQWVZHUHDQG
UHVSHFWLYHO\,Q*:6&5((19HUVLRQWKHXVHUPD\VHOHFWDIL[HGGLVSHUVLYLW\YDOXHRUFDOFXODWH
ORQJLWXGLQDOGLVSHUVLYLW\XVLQJRQHRIWKHWKUHHHTXDWLRQVGHVFULEHGDERYH,IUHJUHVVLRQHTXDWLRQVDUH
XVHGWKHQWUDQVYHUVHDQGYHUWLFDOGLVSHUVLYLW\DUHFDOFXODWHGIURPWKHORQJLWXGLQDOGLVSHUVLYLW\EDVHGRQ
DIL[HGUDWLRRIWKHWUDQVYHUVHRUYHUWLFDOGLVSHUVLYLW\WRWKHORQJLWXGLQDOGLVSHUVLYLW\LHα7α/
5DGLRDFWLYH'HFD\DQG,QJURZWK5DGLRDFWLYH'HFD\DQG,QJURZWK
7RHYDOXDWHWKHPRYHPHQWRIUDGLRDFWLYHSURJHQ\WKHPRGHOPDNHVWKHVLPSOLI\LQJDVVXPSWLRQ
WKDWUDGLRDFWLYHSURJHQ\WUDYHODWWKHVDPHUDWHDVWKHSDUHQW7KLVDVVXPSWLRQKDVEHHQVKRZQWREH
FRQVHUYDWLYH&RGHOOHWDODQGJUHDWO\VLPSOLILHVWKHFDOFXODWLRQV7KHDVVXPSWLRQLVDOVRPDGH
WKDWQRSURJHQ\H[LVWDWWKHWLPHRIZDVWHHPSODFHPHQW7KHFRQFHQWUDWLRQRIWKHLWKSURJHQ\LQDGHFD\
FKDLQDWWKHUHFHSWRUORFDWLRQLV
 L SDUHQW L G
SDUHQW G
&  & ',) 5',) 5
SDUHQW
L
 
ZKHUH
 ',)L GHFD\LQJURZWKIDFWRURIWKHLWKSURJHQ\
 ',)SDUHQW GHFD\LQJURZWKIDFWRURIWKHSDUHQW
 5GL UHWDUGDWLRQIDFWRURIWKHLWKSURJHQ\
 5GSDUHQW UHWDUGDWLRQIDFWRURIWKHSDUHQW
 &SDUHQW JURXQGZDWHUFRQFHQWUDWLRQRIWKHSDUHQW&LP±
7KHGHFD\LQJURZWKIDFWRULVJLYHQE\WKHIROORZLQJ6FUDEOHHWDO

( )
',) W HL L P
P
L W
N M
N M
L
M
L M
  = 





−


	
	
	
	
	








=
−
−
≠
=
∏
∏

λ
λ
λ
λ λ
λ
 


 
ZKHUH
 λ GHFD\FRQVWDQWIRUWKHSDUHQW\±
 λL GHFD\FRQVWDQWIRUWKHLWKSURJHQ\\±
 W WLPHIURPZDVWHHPSODFHPHQW\HDUV
0D[LPXP$OORZDEOH6RLO,QYHQWRU\DQG3RQG5HOHDVH/LPLWV/LPLWLQJ6RLO
&RQFHQWUDWLRQ
$VVHVVPHQWRIJURXQGZDWHUDWDFRQWDPLQDWHGVLWHXVXDOO\LQYROYHVHYDOXDWLRQRIIROORZLQJ
FULWHULD
• 0D[LPXPFRQWDPLQDQWOHYHOV0&/VLQJURXQGZDWHU
• 1RQFDUFLQRJHQLFFKHPLFDOWR[LFLW\IURPWKHLQJHVWLRQRIFRQWDPLQDWHGJURXQGZDWHUQRQ
UDGLRQXFOLGHVRQO\
 
• &DUFLQRJHQLFULVNIURPWKHLQJHVWLRQRIFRQWDPLQDWHGJURXQGZDWHUUDGLRQXFOLGHVDQGQRQ
UDGLRQXFOLGHV
• &RPPLWWHGHIIHFWLYHGRVHHTXLYDOHQW&('(IURPWKHLQJHVWLRQRIFRQWDPLQDWHGJURXQGZDWHU
UDGLRQXFOLGHVRQO\
0D[LPXPFRQWDPLQDQWOHYHOVDQG&('(OLPLWVDUHOLVWHGLQ&)5DQGDVVRFLDWHG
DPHQGPHQWV$WVLWHVLGHQWLILHGXQGHU&(5&/$PD[LPXPDOORZDEOHFRQFHQWUDWLRQVDUHEDVHGRQ
FKHPLFDOWR[LFLW\RUFDUFLQRJHQLFULVN&DUFLQRJHQLFULVNUHSUHVHQWVWKHLQFUHPHQWDOSUREDELOLW\RIDQ
LQGLYLGXDOGHYHORSLQJFDQFHURYHUDOLIHWLPHDVDUHVXOWRIH[SRVXUHWRWKHSRWHQWLDOFDUFLQRJHQ(3$
&KURQLFH[SRVXUHWRUDGLRQXFOLGHVDUHFRQVLGHUHGDFDUFLQRJHQLFULVN&DQFHUULVNVDUHFDOFXODWHG
XVLQJDIDFWRUWKDWUHODWHVWKHLQFUHPHQWDOOLIHWLPHFDQFHULQFLGHQFHULVNWRWKHOHYHORIH[SRVXUH
5DGLDWLRQGRVHIURPLQJHVWLRQRIUDGLRQXFOLGHVLQJURXQGZDWHULVFDOFXODWHGXVLQJDGRVHFRQYHUVLRQ
IDFWRUWKDWUHODWHVWKHHIIHFWLYHGRVHHTXLYDOHQWUHFHLYHGRYHUDSHULRGRIWLPHXVXDOO\\HDUVIURPWKH
RQHWLPHLQJHVWLRQRIDUDGLRQXFOLGH1RQFDUFLQRJHQLFHIIHFWVDUHHYDOXDWHGEDVHGRQDKD]DUGTXRWLHQW
WKDWUHODWHVDQH[SRVXUHOHYHORYHUDOLIHWLPHZLWKDUHIHUHQFHGRVHGHULYHGIRUDVLPLODUH[SRVXUHSHULRG
2WKHUGRVHDQGULVNFULWHULDPD\EHLPSOHPHQWHGGHSHQGLQJRQVLWHVSHFLILFFRQVLGHUDWLRQV
,Q*:6&5((1WKHPD[LPXPDOORZDEOHLQYHQWRU\LQVRLOLVWKHFRQWDPLQDQWLQYHQWRU\LQ
VRLOVXFKWKDWDIWHUOHDFKLQJDQGWUDQVSRUWLQWKHXQVDWXUDWHGDQGVDWXUDWHG]RQH0&/UDGLRORJLFDOGRVH
DQGFDUFLQRJHQLFRUQRQFDUFLQRJHQLFULVNOLPLWVDUHQRWH[FHHGHG7KHPD[LPXPDOORZDEOHLQYHQWRU\LQ
VRLOLVJLYHQE\
 0 0 ''/ L
&
/
=  
ZKHUH
 0/ PD[LPXPDOORZDEOHLQYHQWRU\LQVRLO&LRUPJ
 0& LQYHQWRU\XVHGLQWKHVLPXODWLRQ&LRUPJ
 '&   UDGLRORJLFDO GRVH FDUFLQRJHQLF ULVN KD]DUG TXRWLHQW RU PD[LPXP FRQWDPLQDQW
FRQFHQWUDWLRQDWWKHUHFHSWRUZHOOIRUWKHVLPXODWLRQXVLQJDQLQYHQWRU\RI0L
 '/ UDGLRORJLFDOGRVHOLPLWFDUFLQRJHQLFULVNOLPLWKD]DUGTXRWLHQWOLPLWRU0&/
)RUWKHSRQGPRGHOWKHPD[LPXPDOORZDEOHHIIOXHQWUHOHDVHUDWHLVFDOFXODWHG7KHPD[LPXP
DOORZDEOHHIIOXHQWUHOHDVHUDWHLVWKHDPRXQWRIFRQWDPLQDQWWKDWFDQEHGLVFKDUJHGWRWKHSRQGRQDQ
DQQXDOEDVLVIRUWKHRSHUDWLRQDOOLIHWLPHRIWKHSRQGVXFKWKDWDIWHUOHDFKLQJDQGWUDQVSRUWLQWKH
XQVDWXUDWHGDQGVDWXUDWHG]RQH0&/UDGLRORJLFDOGRVHDQGFDUFLQRJHQLFRUQRQFDUFLQRJHQLFULVNOLPLWV
DUHQRWH[FHHGHG7KHPD[LPXPDOORZDEOHSRQGUHOHDVHUDWHLVJLYHQE\UHSODFLQJ0LDQG0/LQ
(TXDWLRQZLWKWKHFRQWDPLQDQWUHOHDVHUDWH5LQ&LRUPJ\±WRWKHSRQG0D[LPXPDOORZDEOH
LQYHQWRULHVDQGUHOHDVHUDWHVDUHRQO\FDOFXODWHGIRUWKHEXLOWLQ*:6&5((1PRGHOVDQGDUHQRW
FRQVLGHUHGIRUXVHUGHILQHGVRXUFHV
9DOXHVDQGXQLWVIRU'/DUHFRQWDPLQDQWDQGHQGSRLQWVSHFLILF7DEOH7KHYDOXHRI'&DQG
'/PD\EHFRQVLGHUHGTXDQWLWDWLYHPHDVXUHVRIWKHLPSDFWVWRKXPDQKHDOWKDQG'&PXVWEHFDOFXODWHG
IRUHDFKFRQWDPLQDQWDQGUHFHSWRUORFDWLRQLQDVLPXODWLRQ
 
7DEOH6XJJHVWHG'FYDOXHVDQGXQLWVRIWKHOLPLWLQJUDGLRORJLFDOGRVHFDUFLQRJHQLFULVNKD]DUG
TXRWLHQWRUPD[LPXPFRQWDPLQDQWOLPLW
&RQWDPLQDQW
7\SH
+XPDQ+HDOWK(QGSRLQW 'RVHRUULVNFRQYHUVLRQ
IDFWRUXQLWV
6XJJHVWHG'FYDOXH
DQGXQLWV
5DGLRQXFOLGH &RPPLWWHG(IIHFWLYH'RVH
(TXLYDOHQW
UHP&L± UHP\±D
5DGLRQXFOLGH &DUFLQRJHQLFULVN ULVN&L± ×±±×±E
5DGLRQXFOLGH )DFWRURIWKH0&/ &LP± F
1RQUDGLRQXFOLGH &DUFLQRJHQLFULVN NJGPJ± ×±±×±E
1RQUDGLRQXFOLGH 1RQFDUFLQRJHQLFULVNKD]DUG
TXRWLHQW
PJNJ±G± G
1RQUDGLRQXFOLGH )DFWRURIWKH0&/ PJP± F
D0D[LPXPDQQXDOFRPPLWWHGGRVHHTXLYDOHQWIRUWKHLQJHVWLRQRIEHWDJDPPDHPLWWLQJQXFOLGHVDV
UHSRUWHGLQ&)5
E5DQJHRIDFFHSWDEOHOLIHWLPHFDQFHULQFLGHQFHULVNDVHVWDEOLVKHGE\(3$7KHXQLWVDUHWKH
QXPEHURIFDQFHUVREVHUYHGLQDOLIHWLPHSHUSHUVRQ)RUH[DPSOHDYDOXHRI×±LQGLFDWHV
SHUVRQLQZLOOGHYHORSFDQFHULQWKHLUOLIHWLPHRUSHUVRQVLQZLOOGHYHORS
FDQFHULQWKHLUOLIHWLPH
F7KLVIDFWRULVPXOWLSOLHGE\WKH0&/WR\LHOGDQDFFHSWDEOHJURXQGZDWHUFRQFHQWUDWLRQ$YDOXHRI
LQGLFDWHVWKH0&/LVDFFHSWDEOHDYDOXHRILQGLFDWHVòWKH0&/YDOXHLVDFFHSWDEOH
G6HH(TXDWLRQ


(VWLPDWLRQRI+XPDQ+HDWK,PSDFWV
+XPDQKHDOWKLPSDFWVDUHPHDVXUHGLQWHUPVRIUDGLDWLRQGRVHHTXLYDOHQWOLIHWLPHFDQFHU
LQFLGHQFHULVNQRQFDUFLQRJHQLFKHDOWKHIIHFWVRUUDWLRVRISUHGLFWHGWRDFFHSWDEOHOHYHOVRI
FRQWDPLQDWLRQLQJURXQGZDWHU
)RUUDGLRQXFOLGHVZLWKDKXPDQKHDOWKHQGSRLQWRI&('(LQUHP'&LVJLYHQE\
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L
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 
ZKHUH
 &L JURXQGZDWHUFRQFHQWUDWLRQIRUWKHLWKGHFD\FKDLQPHPEHU&LP±
 :, ZDWHULQJHVWLRQUDWHPG±
 '&)L LQJHVWLRQGRVHFRQYHUVLRQIDFWRUIRUWKHLWKGHFD\FKDLQPHPEHUUHP&L±
 () H[SRVXUHIUHTXHQF\G\±
 Q QXPEHURIGHFD\FKDLQPHPEHUV
)RUUDGLRQXFOLGHVZLWKDKXPDQKHDOWKHQGSRLQWRIOLIHWLPHFDQFHULQFLGHQFHULVN'&LVJLYHQE\
 
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 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
ZKHUH
 &L DYHUDJHJURXQGZDWHUFRQFHQWUDWLRQRYHUWKHH[SRVXUHSHULRGIRUWKHLWKGHFD\FKDLQPHPEHU
&LP±
 6)L VORSHIDFWRUIRUWKHLWKGHFD\FKDLQPHPEHUULVN&L±
 (' H[SRVXUHGXUDWLRQ\
 Q QXPEHURIGHFD\FKDLQPHPEHUV
)RUUDGLRQXFOLGHVRUQRQUDGLRQXFOLGHVZLWKDQKXPDQKHDOWKHQGSRLQWRIDUDWLRRIWKHSUHGLFWHG
FRQFHQWUDWLRQWRWKH0&/'&LVVLPSO\WKHUDWLRRIWKHSUHGLFWHGJURXQGZDWHUFRQFHQWUDWLRQWRWKH0&/
$'FYDOXHRILPSOLHVJURXQGZDWHUFRQFHQWUDWLRQDWWKH0&/DUHDFFHSWDEOH
)RUQRQUDGLRDFWLYHFRQWDPLQDQWVZLWKDQKXPDQKHDOWKHQGSRLQWRIOLIHWLPHFDQFHULQFLGHQFH
ULVN'&LVJLYHQE\
 ' & :, () (' 6)%: $7& =
× × × ×
×
 
ZKHUH
 & DYHUDJHJURXQGZDWHUFRQFHQWUDWLRQRYHUWKHH[SRVXUHGXUDWLRQPJP±
 6) QRQUDGLRORJLFDOFDUFLQRJHQLFVORSHIDFWRUNJPJ±
 %: ERG\PDVVNJ
 $7 DYHUDJLQJWLPH\HDUV×GD\VSHU\HDU GD\V
)RUQRQUDGLRDFWLYHFRQWDPLQDQWVZLWKDQKXPDQKHDOWKHQGSRLQWRIQRQFDUFLQRJHQLFULVN'&
DOVRNQRZQDVWKHKD]DUGTXRWLHQWLVJLYHQE\
 ' & :, () ('%: $7 5I'& =
× × ×
× ×
 
ZKHUH
 5I' WKHUHIHUHQFHGRVHPJNJ±G±

 7KHPHWKRGRORJ\SUHVHQWHGVRIDULVDSSOLFDEOHIRUVLWHVWKDWFRQWDLQVLQJOHFRQWDPLQDQWV6RPH
VLWHVPD\FRQWDLQPXOWLSOHFRQWDPLQDQWVKDYLQJWKHVDPHUHJXODWRU\FULWHULDHQGSRLQWUDGLRORJLFDOGRVH
FDUFLQRJHQLFULVNRUKD]DUGTXRWLHQW,QWKHVHFDVHVVHYHUDODSSURDFKHVDUHUHFRPPHQGHG)LUVWWKH
WUDQVLWWLPHRIHDFKFRQWDPLQDQWVKRXOGEHFRQVLGHUHG,IWKHFRQWDPLQDQWWUDQVLWWLPHVDUHVLJQLILFDQWO\
GLIIHUHQWWKHQWKHFRQWDPLQDQWVFDQEHWUHDWHGVHSDUDWHO\EHFDXVHFRQFHQWUDWLRQVZLOOQRWRYHUODS)RU
FRQWDPLQDQWVWKDWKDYHDSSUR[LPDWHO\WKHVDPHWUDQVLWWLPHWKHUHJXODWRU\FULWHULDOLPLWFDQEHVFDOHGIRU
HDFKFRQWDPLQDQW7KHJHQHUDOIRUPRIWKHVFDOLQJHTXDWLRQIRUQQXPEHURIUDGLRQXFOLGHVOLPLWHGE\
&('(LV
 
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L
L
Q /'  
'&)
'&)
'
=

×

 
ZKHUH
 '/M &('(OLPLWIRUWKHMWKQXFOLGHUHP\±
 '&)M GRVHFRQYHUVLRQIDFWRU'&)IRUWKHMWKQXFOLGHUHP&L±
7KHJHQHUDOIRUPRIWKHVFDOLQJHTXDWLRQIRUFDUFLQRJHQVLV
 '  6)
6)
'/M M
L
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Q /
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
ZKHUH
 '/M WKHULVNOLPLWIRUWKHMWKFRQWDPLQDQWQXPEHURIFDQFHUVLQDOLIHWLPHSHUSHUVRQ
 6/M VORSHIDFWRUIRUWKHMWKFRQWDPLQDQWPJNJG
,QDVLPLODUPDQQHU'/MYDOXHVIRUPL[WXUHVRIVLPLODUFRQWDPLQDQWVLHDOOUDGLRQXFOLGHVRUDOO
FKHPLFDOVZLWKFDUFLQRJHQLFULVNFDQEHFDOFXODWHGIURP(TXDWLRQVDQGE\VXEVWLWXWLQJWKH0&/
RU5I'IRUWKH'&)RU6)
&2'(,03/(0(7$7,21,1752'8&7,21
*:6&5((1LVZULWWHQLQ)2575$1DQGFRPSLOHGIRURSHUDWLRQRQDSHUVRQQHOFRPSXWHU
ZLWKDQ06'26FRPPDQGSURPSW1RQVWDQGDUGH[WHQVLRQVDUHPDLQO\YLRODWLRQVRIWKHVL[FKDUDFWHU
OLPLWXVHGIRUQDPLQJYDULDEOHV7KH)2575$1VRXUFHFRGHLVDOVRFRPSDWLEOHZLWKPRVW)2575$1
FRPSLOHUVRQ81,;RSHUDWLQJV\VWHPV&KDQJHVW\SLFDOO\KDYHWREHPDGHWRWKHWLPHDQGGDWHV\VWHP
FDOOV$EULHIGHVFULSWLRQRIWKH*:6&5((1VXEURXWLQHVDQGIXQFWLRQVDUHIRXQGLQ7DEOH$
VLPSOLILHGVFKHPDWLFRIWKHRYHUDOOSURJUDPIORZLVLOOXVWUDWHGLQ)LJXUH
 
7DEOH$EULHIGHVFULSWLRQRIWKHVXEURXWLQHVDQGIXQFWLRQVLQ*:6&5((19HUVLRQ
6XEURXWLQH &DOOHG,1 (TXDWLRQV 'HVFULSWLRQ
$5($ 75$3='
4*$86
 )XQFWLRQWKDWFDOFXODWHV*UHHQ
VIXQFWLRQIRUDQDUHDVRXUFH
&217$03 0$,1  &DOFXODWHVGHFD\FRQVWDQWVUHWDUGDWLRQIDFWRUVDQGVROXELOLW\VRXUFHPDVV
DQGWLPHV
'(&$< 0$,1  &DOFXODWHVSURJHQ\FRQFHQWUDWLRQVLQJURXQGZDWHU
',63 0$,1 ± &DOFXODWHVGLVSHUVLRQFRHIILFLHQWVLQJURXQGZDWHU
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*:,17 0$,1  &DOFXODWHVWKHDYHUDJHJURXQGZDWHUFRQFHQWUDWLRQRYHUWKHH[SRVXUHGXUDWLRQ
XVLQJ*DXVV/HJHQGUHLQWHJUDWLRQ
/,&(16( 0$,1  :ULWHV*:6&5((1OLFHQVHLQIRUPDWLRQWRRXWSXWILOH
/,0,76 6,03621
4*$86
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 'HWHUPLQHVLQWHJUDWLRQOLPLWVIRU6LPSVRQUXOHDQG*DXVV/HJHQGUH
LQWHJUDWLRQURXWLQHV
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WRORFDWHPD[LPXPFRQFHQWUDWLRQ
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FRQWDPLQDQWSOXPHLQXQVDWXUDWHG]RQH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
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:5,7( 0$,1  :ULWHVVLWHSDUDPHWHUVWRSULPDU\RXWSXWILOH
:5,7( 0$,1  :ULWHVFDOFXODWHGIORZDQGWUDQVSRUWSDUDPHWHUVWRSULPDU\RXWSXWILOH
:5,7( 0$,1  :ULWHVFRQWDPLQDQWGDWDWRSULPDU\RXWSXWILOH
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WULDOVUHTXHVWHG
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
)LJXUH$VLPSOLILHGVFKHPDWLFRIWKHRYHUDOO*:6&5((1SURJUDPIORZ
DQGH[HFXWLRQ
 
1XPHULFDOLQWHJUDWLRQLVUHTXLUHGIRUFRPSXWDWLRQRIWKHLQVWDQWDQHRXVJURXQGZDWHU
FRQFHQWUDWLRQDQGFRQWDPLQDQWIOX[>FRQYROXWLRQLQWHJUDOLQ(TXDWLRQ@WKHYHUWLFDOO\DYHUDJHG
JURXQGZDWHUFRQFHQWUDWLRQDQGWKHWLPHDYHUDJHGJURXQGZDWHUFRQFHQWUDWLRQ(TXDWLRQIRULV
XVHGWRYHUWLFDOO\DYHUDJHWKHFRQFHQWUDWLRQDFURVVDZHOOVFUHHQZKHQWKH'GLVSHUVLRQPRGHOLV
HPSOR\HG(TXDWLRQLVXVHGWRWLPHDYHUDJHWKHFRQFHQWUDWLRQDFURVVWKHH[SRVXUHGXUDWLRQ
*:6&5((1XVHVWZRDOJRULWKPV*DXVV/HJHQGUHDQG6LPSVRQ
VUXOHWRLQWHJUDWH(TXDWLRQ3UHVV
HWDO(TXDWLRQVDQGDUHFDOFXODWHGXVLQJ*DXVV/HJHQGUHRQO\*DXVV/HJHQGUH
URXWLQHVDUHFRPSXWDWLRQDOO\HIILFLHQWIRUUHODWLYHO\VPRRWKLQWHJUDOVDSSUR[LPDWHGE\SRO\QRPLDOVDQG
LIDSUHVHOHFWHGQXPEHURIZHLJKWSRLQWVDUHXVHGLQWHJUDWLRQYDULDEOHVDUHQRWQHHGHGWKHUHE\
VLPSOLI\LQJWKHUHTXLUHGLQSXWIRUWKHXVHU)RULQWHJUDQGVWKDWDUHQRWDSSUR[LPDWHGYHU\ZHOOE\
SRO\QRPLDOVRUWKDWDUHXQSUHGLFWDEOHDQGHUUDWLFWKH*DXVV/HJHQGUHDOJRULWKPVPD\EHFRPHXQVWDEOH
DQGSURGXFHHUURQHRXVUHVXOWV7KH6LPSVRQUXOHURXWLQHZKLFKLVDPRUHUREXVWVROYHUPD\EHXVHGLQ
VXFKFDVHV7KHFRPSXWDWLRQDOWLPHXVLQJWKH6LPSVRQ
VUXOHURXWLQHKRZHYHULVXVXDOO\ORQJHUDQGDOVR
UHTXLUHVWKHXVHUWRLQSXWLQWHJUDWLRQYDULDEOHV,QJHQHUDO*DXVV/HJHQGUHLQWHJUDWLRQVKRXOGEHOLPLWHG
WRWKHVXUIDFHDQGEXULHGVRXUFHPRGHODQG6LPSVRQUXOHLQWHJUDWLRQVKRXOGEHXVHGIRUWKHSRQGPRGHO
)RUDXVHUGHILQHGVRXUFHWKHLQWHJUDWLRQURXWLQHVHOHFWHGVKRXOGEHEDVHGRIWKHIOX[YHUVHVWLPHFXUYH
UHODWLYHWRWKHWLPHIUDPHRILQWHUHVW,QJHQHUDOLIWKHPDVVIOX[WRHLWKHUWKHXQVDWXUDWHG]RQHLI
GLVSHUVLRQLVHPSOR\HGRUDTXLIHUFDQEHDSSUR[LPDWHGE\DSXOVHWKHQWKH6LPSVRQ5XOHLQWHJUDWLRQ
URXWLQHVKRXOGEHXVHG,IXQVXUHDERXWZKLFKLQWHJUDWLRQURXWLQHVKRXOGEHXVHGLWLVUHFRPPHQGHGWKDW
WKH6LPSVRQ5XOHEHXVHGILUVWDQGFRPSDUHGZLWKWKH*DXVV/HJHQGUHVROXWLRQ,IWKHVROXWLRQVDUH
HVVHQWLDOO\HTXLYDOHQWRUZLWKLQVRPHSUHGHILQHGHUURUOLPLWWKHQWKH*DXVV/HJHQGUHLQWHJUDWLRQ
URXWLQHFDQEHXVHG
9DULDWLRQVRIWKH*DXVV/HJHQGUHLQWHJUDWLRQURXWLQHDUHIRXQGLQWKHVXEURXWLQHV4*$86
816$7DQG*:,17DQGLQWKHIXQFWLRQ=$5*,Q*:,17DQG=$5*DQHLJKWSRLQW*DXVV
/HJHQGUHURXWLQHHLJKWSDLUVRIDEVFLVVDVDQGZHLJKWVLVXVHGWRLQWHJUDWHWKHLQVWDQWDQHRXVJURXQGZDWHU
FRQFHQWUDWLRQRYHUWLPHDQGWRYHUWLFDOO\LQWHJUDWHWKHFRQFHQWUDWLRQLQWKHDTXLIHU,Q4*$86DQG
816$7DSRLQW*DXVV/HJHQGUHLQWHJUDWLRQURXWLQHLVXVHGWRFRPSXWHWKHFRQYROXWLRQLQWHJUDODQG
WRFDOFXODWHWKHLQVWDQWDQHRXVJURXQGZDWHUFRQFHQWUDWLRQ7KHDEVFLVVDVDQGZHLJKWVIRUWKHVHURXWLQHV
ZHUHFDOFXODWHGXVLQJD)2575$1URXWLQHDGDSWHGIURP3UHVVHWDO,WZDVQHFHVVDU\WRXVH
PRUHZHLJKWSRLQWVLQWKH4*$86DQG816$7VXEURXWLQHLQRUGHUWRDFKLHYHDVWDEOHVROXWLRQWRWKH
FRQYROXWLRQLQWHJUDO
7KHLQWHJUDWLRQOLPLWVLQ(TXDWLRQRIWHQUHVXOWLQYDOXHVRIWKHIXQFWLRQΘ[WτWKDWDUHQHDU
]HURDGGOLWWOHWRWKHLQWHJUDQGDQGGHFUHDVHWKHRYHUDOODFFXUDF\RIWKHVROXWLRQ&RGHOOGHULYHG
H[SUHVVLRQVIRUWKHLQWHJUDWLRQOLPLWV7DQG7VXFKWKDWIRUHDFKIXQFWLRQFDOORIΘ[WτVLJQLILFDQW
YDOXHVWRWKHLQWHJUDQGZHUHDGGHG7KHVHOLPLWVZHUHSUHVHQWHGLQ&RGHOOIRUDOLQHVRXUFHZLWKD
GHFD\WHUPDQGIRUDQDUHDVRXUFHZLWKRXWDGHFD\WHUP7KHOLPLWVIRUDQDUHDVRXUFHZHUHPRGLILHGWR
LQFOXGHDGHFD\WHUPLQ*:6&5((17KHOLPLWV77DUHJLYHQE\
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ZKHUH
 77 XSSHUDQGORZHUOLPLWVRILQWHJUDWLRQ\HDUV
 γ DUELWUDU\YDOXHVXFKWKDWHγ≈ZKHQ7W±τ7
 λ UDGLRORJLFDOGHFD\FRQVWDQW\±
$YDOXHRIZDVIRXQGWREHDGHTXDWHIRUγ7KHVHOLPLWVDUHFDOFXODWHGLQWKHVXEURXWLQH
/,0,76
(TXDWLRQLQVXEURXWLQH$5($UHTXLUHVHYDOXDWLRQRIHUURUIXQFWLRQV7KHHUURUIXQFWLRQ
URXWLQHZDVDOVRDGDSWHGIURP1XPHULFDO5HFLSHV3UHVVHWDODQGFRQWDLQHGLQVXEURXWLQHV
(5525'*$003*6(5*&)DQG*$0/,1
0D[LPXPFRQFHQWUDWLRQLVGHWHUPLQHGLQWKHVXEURXWLQHV3($.DQG*2/'(16XEURXWLQH
3($.XVHV(TXDWLRQWRFDOFXODWHSRLQWVWKDWDUHNQRZQWROLHRQHLWKHUVLGHRIWKHSHDN
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ZKHUH
 =0,1 PLQLPXPERXQG\
 =0$; PD[LPXPERXQG\
 7RSHU RSHUDWLRQDOWLPHRISRQG7RSHU LIVXUIDFHRUEXULHGVRXUFHPRGHOLVXVHG\
7KHVHSRLQWVDORQJZLWKWKHLUPLGSRLQWDUHSDVVHGWRWKHVXEURXWLQH*2/'(1JROGHQVHFWLRQ
URXWLQHDGDSWHGIURP3UHVVHWDOWKDWFDOFXODWHVWKHPD[LPXPFRQFHQWUDWLRQDQGWKHWLPHDWZKLFK
WKHPD[LPXPFRQFHQWUDWLRQRFFXUUHG
:KHQGLVSHUVLRQLVHPSOR\HGLQWKHXQVDWXUDWHG]RQHLWLVLPSRUWDQWWRLGHQWLI\WKHDUULYDOWLPH
RIWKHOHDGLQJHGJHRIWKHSOXPHDWWKHDTXLIHUXQVDWXUDWHG]RQHLQWHUIDFH7KHDUULYDOWLPHRIWKHSOXPH
OHDGLQJHGJHPD\EHGHVFULEHGLQWHUPVRIWKHVWDQGDUGGHYLDWLRQRIFRQWDPLQDQWSOXPHDWWKHWLPHWKH
SOXPHIURQWWUDYHUVHVWKHXQVDWXUDWHGWKLFNQHVV)LJXUHVKRZVSOXPHGHQVLW\DVDIXQFWLRQRI
GRZQJUDGLHQWGLVWDQFHIURPDVRXUFHIRUVHYHUDOWLPHVDIWHUUHOHDVH7KHVWDQGDUGGHYLDWLRQRID*DXVVLDQ
 
GLVWULEXWHGSOXPHσLQPHWHUVLVJLYHQE\
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
7KHOHDGLQJHGJHRIWKHSOXPHFDQEHGHILQHGLQWHUPVRIWKHQXPEHURIVWDQGDUGGHYLDWLRQVIURPLWV
FHQWHURUPD[LPXPYDOXH7KHPHDQWUDYHOWLPHLVJLYHQE\(TXDWLRQ:HDUHLQWHUHVWHGLQILQGLQJ
WKHWLPHWZKHQWKHSOXPHFHQWHULVORFDWHG;X±εσIURPWKHVRXUFHZKHUHε WKHQXPEHURIVWDQGDUG
GHYLDWLRQVIURPWKHPHDQDQG;X WKHXQVDWXUDWHGWKLFNQHVV6XEVWLWXWLRQRI(TXDWLRQLQWRWKH
SUHYLRXVHTXDWLRQ\LHOGV
 ; ;P X= − ε σ  
ZKHUH;P WKHPHDQGLVWDQFHWUDYHOHGLQWLPHWDQGLVJLYHQE\;P W8X5G6XEVWLWXWLRQRIWKLV
H[SUHVVLRQLQWR(TXDWLRQ\LHOGV
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7KHURRWVWR(TXDWLRQ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DUHVROYHGXVLQJDELVHFWLRQPHWKRGGHVFULEHGLQ3UHVVHWDO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)LJXUH/RQJLWXGLQDOVSUHDGLQJRIDSXOVHUHOHDVHGDWWLPH VKRZLQJWKHJURZWK
RILWVVWDQGDUGGHYLDWLRQZLWKWUDYHOWLPHDQGOHDGLQJHGJHDUULYDOWLPHIRUGLVWDQFHRI
XQLWV
 
,QSXWWR*:6&5((1LVWKURXJKVHYHUDOIUHHIRUPDW$6&,,ILOHV7KHSULPDU\LQSXWILOHFRQWDLQV
WKHFRQWDPLQDQWDQGVLWHVSHFLILFGDWDDQGLVUHTXLUHGIRUH[HFXWLRQRI*:6&5((17KHVHFRQGILOHLV
RSWLRQDODQGLVXVHGFRQWUROWKHH[HFXWLRQRIRQHRUPRUHLQSXWILOHVLQDGGLWLRQWRFRQWUROOLQJ0RQWH
&DUORVDPSOLQJRIVHOHFWHGYDULDEOHV7KLVILOHLVQDPHG*:6&5((1&75DQGFRQWDLQVWKHQDPHRIWKH
ILOHWRZULWHDOORXWSXWQXPEHURILQSXWILOHVWRUXQDQGLGHQWLILHVWKH0RQWH&DUORYDULDEOHVDQG
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'HYLDWLRQ
0LQLPXP 0D[LPXP
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7ULDQJXODU 0LQLPXP 0RVW/LNHO\ 0D[LPXP LJQRUHG
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E,IRQHRUPRUHGLVWULEXWLRQFRHIILFLHQWVLQGLIIHUHQWPHGLDDUHDVVLJQHGWKHVDPHYDOXHWKHQ*:6&5((1
DVVXPHVDRQHWRRQHFRUUHODWLRQEHWZHHQWKHYDOXHV)RUH[DPSOHLIWKHVRXUFHDQGXQVDWXUDWHG]RQH.G¶VDUH
DVVLJQHGWKHVDPHYDOXHDQGWKHVRXUFH.GLVGHILQHGDVDVWRFKDVWLFYDULDEOHWKHQWKHXQVDWXUDWHG.GZLOODOVR
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9DULDEOH
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
'HVFULSWLRQ
 -81.  &+$5 $ILOHKHDGHUWKDWLVGLVFDUGHG
5HSHDW&DUGIRUHDFKWLPHDQGUHOHDVHUDWHHQWU\
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
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
'HVFULSWLRQ
 -81.  &+$5 $ILOHKHDGHUWKDWLVGLVFDUGHG
5HSHDW&DUGIRUHDFK;<UHFHSWRUSDLU
 ;L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IORZIRUWKHLWKUHFHSWRU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
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L  5($/ 5HFHSWRUGLVWDQFHIURPFHQWHURIVRXUFHSHUSHQGLFXODUWR
JURXQGZDWHUIORZIRUWKHLWKUHFHSWRUP
2XWSXW)LOHV
7KHQXPEHURIRXWSXWILOHVJHQHUDWHGE\*:6&5((1GHSHQGVRQWKHPRGHORSWLRQVVHOHFWHG
DQGZKHWKHUWKHVLPXODWLRQLVUXQXVLQJWKH*:6&5((1&75ILOH3ULPDU\RXWSXWLVZULWWHQWRWKH
RXWSXWILOHWKDWLVHLWKHULGHQWLILHGLQWKH*:6&5((1&75ILOHRUGHILQHGE\WKHXVHUDWUXQWLPH,ID
FRQFHQWUDWLRQWLPHKLVWRU\RUUHFHSWRUJULGRXWSXWDUHVHOHFWHGWKHQDILOHQDPHG'26(287LVDOVR
JHQHUDWHG7KLVILOHFRQWDLQVWKHKHDWKHIIHFWVFDOFXODWLRQVUDGLRORJLFDOGRVHFDUFLQRJHQLFULVNHWFIRU
HDFKWLPHRUUHFHSWRUORFDWLRQUHTXHVWHGE\WKHXVHULQWKHSULPDU\LQSXWILOH,I0RQWH&DUORVDPSOLQJLV
HPSOR\HGWKHQVWRFKDVWLFRXWSXWLVZULWWHQWRWKHILOH*:6&5((10&2DQGGHWHUPLQLVWLFRXWSXWLV
ZULWWHQWRWKHRXWSXWILOHLGHQWLILHGLQWKH*:6&5((1&75ILOH
0D[LPXP$OORZDEOH6RLO,QYHQWRU\RU5HOHDVH5DWHWRD3RQG2XWSXW9HUWLFDO
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:KHQWKH.)/$*YDULDEOHLVVHWHTXDOWRDQG,02'(/LV≤PD[LPXPDOORZDEOHVRLO
LQYHQWRU\DQGSRQGUHOHDVHUDWHVDUHFDOFXODWHG7KHPD[LPXPDOORZDEOHVRLOLQYHQWRU\LVGHILQHGDVWKH
FRQWDPLQDQWLQYHQWRU\LQ&LRUPJLQVRLOVXFKWKDWDIWHUOHDFKLQJGHFD\DQGWUDQVSRUWWRWKHUHFHSWRU
ZHOOKHDOWKLPSDFWFULWHULDDUHQRWH[FHHG7KHPD[LPXPDOORZDEOHSRQGUHOHDVHUDWHLVWKHDQQXDO
UHOHDVHTXDQWLW\LQ&LRUPJSHU\HDUWKDWFDQEHGLVFKDUJHGWRDSRQGIDFLOLW\IRUWKHRSHUDWLRQDOOLIH
H[SHFWDQF\RIWKHIDFLOLW\VXFKWKDWKHDOWKLPSDFWFULWHULDDWWKHUHFHSWRUZHOODUHQRWH[FHHGHG+HDWK
LPSDFWFULWHULDPD\LQFOXGHWKHPD[LPXPDFFHSWDEOHUDGLRORJLFDOGRVHRUFDUFLQRJHQLFULVNDQGLV
GHILQHGE\WKH'/,0YDULDEOH
/LPLWLQJVRLOLQYHQWRULHVIRUFRQWDPLQDQWVZLWKUHODWLYHO\VKRUWKDOIOLYHVFRPSDUHGWRWKHLU
XQVDWXUDWHGWUDQVLWWLPHVDUHXVXDOO\TXLWHODUJHDQGRIWHQH[FHHGWKHVROXELOLW\OLPLWHGPDVV
 
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@7KLVVLWXDWLRQPD\RFFXUHYHQZKHQWKHVROXELOLW\OLPLWLVVHWDUWLILFLDOO\KLJK7KHXVHU
VKRXOGEHDZDUHWKDWWKHOLPLWLQJFRQWDPLQDQWLQYHQWRU\FDOFXODWHGXQGHUWKHVHFRQGLWLRQVLV
XQUHDVRQDEO\KLJKDQGVRPHWLPHVQRWSK\VLFDOO\SRVVLEOH)RUUDGLRQXFOLGHVWKHVSHFLILFDFWLYLW\RIWKH
QXFOLGHLVDOVRFRPSXWHGDQGFRPSDUHGWRWKHOLPLWLQJVRLOFRQFHQWUDWLRQ7KHVSHFLILFDFWLYLW\LVJLYHQ
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5DGLRDFWLYH3URJHQ\5DGLRDFWLYH3URJHQ\
'DWDUHODWLQJWRUDGLRDFWLYHSURJHQ\DUHUHSRUWHGWRWKHULJKWRIWKHSDUHQWYDOXHLQWKHRXWSXW
ILOHV7KHVHGDWDLQFOXGHWKHKDOIOLIHGLVWULEXWLRQFRHIILFLHQWGRVHULVNFRQYHUVLRQIDFWRUVJURXQGZDWHU
FRQFHQWUDWLRQVDQGGRVHULVNYDOXHV
 5DGLRQXFOLGHVSHFLILFLQSXWSDUDPHWHUVKDOIOLIHGLVWULEXWLRQFRHIILFLHQWGRVHULVNFRQYHUVLRQ
IDFWRUIRUUDGLRDFWLYHSURJHQ\DUHOLVWHGWRWKHULJKWRIWKHFRUUHVSRQGLQJSDUHQWYDOXH*URXQGZDWHU
FRQFHQWUDWLRQVDQGGRVHULVNYDOXHVDUHDOVRUHSRUWHGWRWKHULJKWRIWKHFRUUHVSRQGLQJSDUHQWYDOXHLQWKH
RXWSXWILOH2QHRIWKHNH\VLPSOLI\LQJDVVXPSWLRQVXVHGLQ*:6&5((1LVWKDWSURJHQ\WUDYHODWWKH
VDPHVSHHGDVWKHLUSDUHQW8QGHUFRQGLWLRQVRIVHFXODUHTXLOLEULXPDQGZKHUHWKHSDUHQWDQGSURJHQ\
KDYHDERXWWKHVDPHGLVWULEXWLRQFRHIILFLHQWWKHPD[LPXPSURJHQ\FRQFHQWUDWLRQDWDIL[HGUHFHSWRU
SRLQWRFFXUVDERXWWKHVDPHWLPHDVWKHPD[LPXPSDUHQWFRQFHQWUDWLRQRFFXUV+RZHYHUHYHQZKHQWKH
GLVWULEXWLRQFRHIILFLHQWVDUHDERXWWKHVDPHWKHUHLVQRDVVXUDQFHWKDWPD[LPXPSURJHQ\FRQFHQWUDWLRQV
ZLOORFFXUDWWKHVDPHWLPHDVPD[LPXPSDUHQWFRQFHQWUDWLRQV)RUWKHVHUHDVRQVLWLVVXJJHVWHGWKDW
ZKHQGHWHUPLQLQJPD[LPXPDOORZDEOHLQYHQWRULHVRUUHOHDVHUDWHV.)/$* WKDWDUXQEHPDGHZLWK
.)/$* VRWKHWUXHSHDNSURJHQ\FRQFHQWUDWLRQFDQEHYHULILHG
7KHFDVHRIQRHTXLOLEULXPFRQGLWLRQVEHWZHHQSDUHQWDQGSURJHQ\LVLOOXVWUDWHGLQH[DPSOH
SUREOHP)LJXUH,QH[DPSOHSUREOHPWKHPD[LPXP3XFRQFHQWUDWLRQSDUHQWQXFOLGHRFFXUV
DW\HDUVFRPSDUHRXWSXWIRUVDPSOHSUREOHPZLWK)LJXUHWKHPD[LPXP$PFRQFHQWUDWLRQ
RFFXUVDW\HDUVDQGWKHPD[LPXP1SFRQFHQWUDWLRQRFFXUVDW\HDUV7KHFRQFHQWUDWLRQVRI
$PDQG1SDW\HDUVZHUH×&LPDQG×&LPUHVSHFWLYHO\1RWHWKDWWKHVH
FRQFHQWUDWLRQVDUHORZHUWKDQWKHLUDFWXDOPD[LPXPFRQFHQWUDWLRQSUHVHQWHGLQ)LJXUH$OVRQRWHLQ
WKHRXWSXWWKDWWKHDYHUDJHFRQFHQWUDWLRQVIRUWKHSURJHQ\DUHKLJKHUWKDQWKHUHSRUWHGPD[LPXP
FRQFHQWUDWLRQIRUWKHSURJHQ\7KLVLQGLFDWHVWKDWWKHSHDNSURJHQ\FRQFHQWUDWLRQGLGQRWRFFXUDWWKH
VDPHWLPHDVWKHSHDNSDUHQWFRQFHQWUDWLRQGLG7KHXVHUVKRXOGEHDZDUHZKHQQRQHTXLOLEULXP
FRQGLWLRQVH[LVWDQGUXQWKHFRGHLQERWKWKHPD[LPXPDOORZDEOHLQYHQWRU\DQGFRQFHQWUDWLRQYHUVXV
WLPHPRGHVWRHQVXUHWKDWDFRQVHUYDWLYHDQVZHUKDVEHHQFDOFXODWHG
:KHQFRQFHQWUDWLRQYHUVXVWLPHRUJULGRXWSXW.)/$* RUUHVSHFWLYHO\LVGHVLJQDWHGWKHQ
FRQFHQWUDWLRQVDQGGRVHVDUHLGHQWLILHGIRUHDFKPHPEHURIWKHGHFD\FKDLQDV³&RQF0EU&RQF0EU
&RQF0EU´DQGVRRQ7KHSDUHQWQXFOLGHLVDOZD\VWKHILUVWPHPEHURIWKHGHFD\FKDLQ
7KH3XIOX[WRWKHDTXLIHUDQGWKHXQVDWXUDWHGWUDQVLWWLPH\HDUVDUHDOVRVKRZQLQ)LJXUH
6LQFHWKHXQVDWXUDWHGWUDQVLWWLPHH[FHHGVWLPHVWKHKDOIOLIH\HDUVWKHQDVVXJJHVWHGLQ
6HFWLRQWKHGLVSHUVLYHVROXWLRQLQWKHXQVDWXUDWHG]RQHVKRXOGEHXVHG7KHGLVSHUVLYHVROXWLRQXVLQJ
DGLVSHUVLYLW\RIPLVVKRZQLQ)LJXUH1RWHWKDWWKHPD[LPXP3XIOX[WRWKHDTXLIHULVKLJKHU
LQWKLVFDVHFRPSDUHGWRWKHIOX[IRUWKHQRGLVSHUVLRQFDVHLOOXVWUDWHGLQ)LJXUH7KLVLVEHFDXVHWKH
 
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)LJXUH&RQFHQWUDWLRQDQGIOX[WRWKHDTXLIHUULJKWD[LVDVDIXQFWLRQRIWLPHIRUVDPSOH
SUREOHPXVLQJPGLVSHUVLRQLQWKHXQVDWXUDWHG]RQH
 
0RQWH&DUOR2XWSXW
 0RQWH&DUORRXWSXWLVZULWWHQWRWKHILOH*:6&5((10&27KLVILOHHFKRHVEDFNWKH
VWRFKDVWLFYDULDEOHVGHILQHGE\WKHXVHUDQGWKHGLVWULEXWLRQVDVVLJQHGWRHDFKYDULDEOH1H[WRXWSXW
IURPHDFK0RQWH&DUORWULDOLVUHSRUWHGE\WLPHDQGUHFHSWRUORFDWLRQ2XWSXWLQFOXGHVYDOXHVRIWKH
VWRFKDVWLFYDULDEOHVIRUHDFKWULDO7KH*:6&5((10&2ILOHZDVGHVLJQHGWRVLPSO\VWRUHDOOWKH
RXWSXWIURPD0RQWH&DUORVLPXODWLRQ&RQVHTXHQWO\WKLVILOHKDVWKHSRWHQWLDOWRJHWTXLWHODUJHLIPDQ\
UHFHSWRUORFDWLRQVDQGRXWSXWWLPHVDUHVHOHFWHG,QRUGHUWRSURYLGHPRUHPHDQLQJIXORXWSXW
FRQFHQWUDWLRQDQGGRVHUHVXOWVPXVWEHH[WUDFWHGIURPWKHRXWSXWILOH7KH(;75$&7XWLOLW\SURJUDP
ZDVZULWWHQIRUWKDWSXUSRVH(;75$&7LVDXVHULQWHUDFWLYHSRVWSURFHVVRUIRUWKH0RQWH&DUORRXWSXW
ILOH&RQFHQWUDWLRQDQGGRVHUHVXOWVIRUDXVHUVSHFLILHGFRQWDPLQDQWUHFHSWRUORFDWLRQDQGRXWSXWWLPH
PD\EHH[WUDFWIURPWKH*:6&5((10&2SULPDU\RXWSXWILOH&RQFHQWUDWLRQDQGGRVHYDOXHVIRUHDFK
VLPXODWLRQDUHZULWWHQE\GHIDXOWLQ(;75$&7WRWKH*:60&9$/ILOHDQGSHUFHQWLOHVLQLQFUHPHQWV
RIDUHZULWWHQWRE\GHIDXOWWRWKH*:60&35&ILOH'XULQJH[HFXWLRQRID0RQWH&DUOR
VLPXODWLRQD*:6&5((1LQSXWILOHQDPHG0&3$5LVZULWWHQHDFKWLPHDWULDOLVSHUIRUPHG
6$03/(352%/(06,1752'8&7,21
 $SSHQGL[$FRQWDLQVRXWSXWIURPWKHHLJKWVDPSOHSUREOHPVGHVFULEHGDQGXVHGLQSUHYLRXV
YHUVLRQVRI*:6&5((17KHVHVDPSOHSUREOHPVDUHWKHVDPHVHWXVHGLQWKHYHULILFDWLRQDQG
YDOLGDWLRQRIHDUOLHUYHUVLRQVRI*:6&5((15RRGDEEDQGSURYLGH
GRFXPHQWDWLRQRIWKHYHULILFDWLRQDQGYDOLGDWLRQSURFHVVRI9HUVLRQ1HZIHDWXUHVRIWKHFRGHDUH
GHPRQVWUDWHGLQWKLVVHFWLRQXVLQJVHYHUDODSSOLFDWLRQVRIWKHFRGHWRVHOHFWHGSUREOHPV
0XOWLSOH6RXUFH3UREOHP
 7KLVVDPSOHSUREOHPFRQVLGHUVWKHFXPXODWLYHHIIHFWVRIPXOWLSOHVRXUFHVLQFORVHSUR[LPLW\WR
RQHDQRWKHU7KHSUREOHPFRQVLGHUVUHOHDVHRI&IURPWKH5DGLRDFWLYH:DVWH0DQDJHPHQW&RPSOH[
5:0&DWWKH,GDKR1DWLRQDO(QJLQHHULQJDQG(QYLURQPHQWDO/DERUDWRU\&DUERQKDVEHHQ
GLVSRVHGLQWKHIDFLOLW\VLQFHDQGWKHSHUIRUPDQFHDVVHVVPHQW0DKHUDVHWDOKDVLGHQWLILHG
WKLVQXFOLGHDVRQHRIWKHSULQFLSOHGRVHGULYHUV7KHSHUIRUPDQFHDVVHVVPHQWRQO\FRQVLGHUHGZDVWH
IURPWKHFXUUHQWO\DFWLYHGLVSRVDOSLWZKLFKRSHQHGLQ&RQFHUQKDVEHHQH[SUHVVHGRYHUWKH
FXPXODWLYHGRVHLPSDFWVIURPDOO&GLVSRVHGDWWKHIDFLOLW\EHJLQQLQJLQ)RUWKLVSUREOHPIRXU
VHSDUDWHVRXUFHVDUHFRQVLGHUHG7KHVHVRXUFHVUHSUHVHQWGLIIHUHQWSLWVDQGWUHQFKHVWKDWDUHFXUUHQWO\
DFWLYHRUKDYHEHHQDFWLYHLQWKHSDVW$FWLYLW\UHOHDVHUDWHVIURPHDFKVRXUFHZHUHFDOFXODWHGRXWVLGH
*:6&5((1XVLQJDPRGHOGHVFULEHGLQ5RRGF6RXUFHVZHUHDVVLJQHGFRRUGLQDWHVEDVHGRQ
WKHLUSRVLWLRQUHODWLYHWRDXVHUGHILQHGFRRUGLQDWHV\VWHPZKHUHJURXQGZDWHUIORZLVLQWKHSRVLWLYH[
GLUHFWLRQ)RUWKLVH[DPSOHWKHFHQWHURIWKHILUVWVRXUFHLVFHQWHUHGRQWKHRULJLQRID&DUWHVLDQ
FRRUGLQDWHV\VWHPDOLJQHGSDUDOOHOWRJURXQGZDWHUIORZ)LJXUH7KHFHQWHURIWKHUHPDLQLQJVRXUFHV
DUHGHILQHGUHODWLYHWRWKLVVRXUFHXVLQJWKHVDPHFRRUGLQDWHV\VWHP&HQWHUVRIVRXUFHVDUHLGHQWLILHGE\
WKHYDULDEOHV;DQG<DQG$VHSDUDWHLQSXWILOHLVQHHGHGIRUHDFKVRXUFH(DFKILOHVKRXOGKDYHWKH
VDPHUHFHSWRUORFDWLRQV5HFHSWRUORFDWLRQVDUHGHILQHGDFFRUGLQJWRWKHXVHUGHILQHGFRRUGLQDWHV\VWHP
RUWKHEDVHJULGDQGQRWDFWXDOWKHGLVWDQFHIURPHDFKVRXUFH
7KHRXWSXWWLPHV77DQG73YDULDEOHVVKRXOGDOVREHWKHVDPHIRUHDFKVRXUFH7KHLQSXW
 
ILOHIRU6RXUFHLVVKRZQLQ)LJXUH(DFKVRXUFHKDVDGLIIHUHQWXVHUGHILQHGDFWLYLW\IOX[WRWKH
XQVDWXUDWHG]RQH7UDQVSRUWSDUDPHWHUVZHUHWKHVDPHIRUHDFKVRXUFHLQILOWUDWLRQUDWHGLVSHUVLYLW\
GHSWKWRDTXLIHUHWFEXWFDQGLIIHUIURPVRXUFHWRVRXUFH


 &RQFHQWUDWLRQDVDIXQFWLRQRIWLPHDWDUHFHSWRUORFDWHGGRZQJUDGLHQWIURP6RXUFHDUH
LOOXVWUDWHGLQ)LJXUH7KHFRQFHQWUDWLRQFRQVLGHULQJFRQWULEXWLRQVIURPDOOVRXUFHVLVVLPSO\WKHVXP
RIWKHFRQFHQWUDWLRQVIURPHDFKLQGLYLGXDOVRXUFH1RWHWKDWWKHFRQWULEXWLRQIURP6RXUFHLVQHJOLJLEOH
FRPSDUHGWRWKHFRQWULEXWLRQVIURPWKHRWKHUVRXUFHVEHFDXVH6RXUFHLVIDUWKHVWDZD\IURPWKH
UHFHSWRU
;'LUHFWLRQRIJURXQGZDWHUIORZ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
)LJXUH&RQILJXUDWLRQRIDUHDVRXUFHVIRUDPXOWLSOHVRXUFHSUREOHP6RXUFH
KDVEHHQORFDWHGDWWKHRULJLQRIWKHXVHUGHILQHGFRRUGLQDWHV\VWHPLQXQLWVRI
PHWHUVDQGDOLJQHGVRWKDWWKHSRVLWLYH[GLUHFWLRQLVSDUDOOHOWRJURXQGZDWHUIORZ
 
$QRWKHUXVHIXODSSOLFDWLRQRIWKHPXOWLSOHVRXUFHPRGHOLVWRGHYHORSDQLVRSOHWKPDSRI
FRQFHQWUDWLRQRUGRVHDWVHOHFWHGRXWSXWWLPHV,VRSOHWKPDSVPD\EHJHQHUDWHGE\XVLQJWKHJULGRXWSXW
IHDWXUHLQ*:6&5((1VHWWKH.)/$*YDULDEOHWRDQGXVLQJFRQWRXUSORWWLQJVRIWZDUHVXFKDV
6XUIHU*ROGHQ6RIWZDUH,QF$JULGILOHFRQWDLQLQJSDLUVRI;<UHFHSWRUSRLQWVPXVWEH
JHQHUDWHGE\WKHXVHUDQGUHIHUHQFHGE\QDPHLQWKH*:6&5((1LQSXWILOHV7KHVDPHJULGILOHLVXVHG
E\HDFKVRXUFHVHH6HFWLRQ:KHQSUHVHQWLQJFRQWRXUHGUHVXOWVRQHPD\ZDQWWRRYHUOD\VXUIDFH
IHDWXUHVVXFKDVODQGERXQGDULHVURDGVDQGEXLOGLQJVRQWRSRIWKHFRQWRXUVVRWKHH[WHQWRIWKH
FRQWDPLQDQWSOXPHFDQEHPRUHUHDGLO\YLVXDOL]HG2IWHQWLPHVWKHGLUHFWLRQRIJURXQGZDWHUIORZLVQRW
QRUWKVRXWKRUHDVWZHVWVRWKHJULGRXWSXWUHVXOWVPXVWEHURWDWHGVRWKDWWKH\DUHSUHVHQWHGDFFRUGLQJWR
WKHVWDQGDUGFRQYHQWLRQRIQRUWKUHSUHVHQWLQJWKHWRSRIWKHSDJH&RRUGLQDWHVPD\EHURWDWHGXVLQJWKH
IROORZLQJHTXDWLRQV
 ( ) ( )
; ; <
< ; < 

 FRV  VLQ 

 VLQ FRV
= +
= +
θ θ
θ θ  
ZKHUH;¶ WKHHDVWZHVWGLVWDQFHRIWKHWUDQVIRUPHGFRRUGLQDWH<¶ WKHQRUWKVRXWKGLVWDQFHRIWKH
WUDQVIRUPHGFRRUGLQDWH; GLVWDQFHIURPWKHFHQWHURIWKHVRXUFHSDUDOOHOWRJURXQGZDWHUIORZ< 
GWSCREEN Sample Problem; C-14 in the RWMC Area 3 (Card 1)
1 2 2 2 1 (Card 2) imode,itype,idisp,kflag,idil
3 2 2 1 1 (Card 3) imodel,isolve,isolveu,imoist,imoistu
6 12 0.005 (Card 4) jstart jmax eps
70. 2.555E+04 2.0 350. 1. 1.0 (Card 5) bw,at,wi,ef,ed,dlim
-36.5 533. (Card 6) x0,y0
257.0 122. 0.1 (Card 7) l, w, perc
11. 1.9 1. (Card 9) depth,rhou,axu
0.30 (Card 9a) thetau
9.0 3.0e-1 1.0e-1 76. 12. (Card 10) ax,ay,az,b,z
57. 0.1 1.9 (Card 11) u,phi,rhoa
1 (Card 12a) nrecept
500. 533. (Card 12b) xrec yrec
2 (Card 13a) ntimes
100. 200. 2.5 (Card 13b) t1 t2 tp
205. 300. 5.0 (Card 13b) t1 t2 tp
1 (Card 14) ncontam
0 0. 0.001 14. 1.0 1.0 1.0e6 0.0 (Card 14a) nprog kds kdu zmw q0 rmi sl other
C-14 5700. 0.001 2100. (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
c14a3_a.rel
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
)LJXUH*:6&5((19HUVLRQLQSXWILOHIRUWKHWKLUGVRXUFHLQWKH5DGLRDFWLYH:DVWH
0DQDJHPHQW&RPSOH[PXOWLSOHVRXUFHSUREOHP5HOHDVHUDWHVIURPHDFKVRXUFHDUHVKRZQLQWKHJUDSK
DERYHWKLVFDSWLRQ
 
GLVWDQFHIURPWKHFHQWHURIWKHVRXUFHSHUSHQGLFXODUWRJURXQGZDWHUIORZθ WKHDQJOHPHDVXUHG
FORFNZLVHIURPWKHSRVLWLYH;D[LVRIWKH*:6&5((1FRRUGLQDWHV\VWHPGLUHFWLRQRIJURXQGZDWHU
IORZWRWKHWUXHGLUHFWLRQRIJURXQGZDWHUIORZ)LJXUH,QWKHFDVHRIWKHVDPSOHSUREOHPθ °
)LJXUHVKRZVFRQFHQWUDWLRQLVRSOHWKVDWWLPH \HDUVIURPWKHVWDUWRIWKHVLPXODWLRQ1RWHWKDW
WKHGLUHFWLRQRIJURXQGZDWHUIORZLWWRWKHVRXWKZHVW6°:7KHHQWLUHVRXUFHUHFHSWRUV\VWHPZDV
WKHQURWDWHGGHJUHHVFORFNZLVH)LJXUHWRDOLJQWKH*:6&5((1FRRUGLQDWHV\VWHPZLWKWKHWUXH
GLUHFWLRQRIJURXQGZDWHUIORZ
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
)LJXUH&DUERQFRQFHQWUDWLRQDVDIXQFWLRQRIWLPHIRUPXOWLSOHVRXUFHVDPSOH
SUREOHP7KHUHFHSWRUZDVORFDWHGDWFRRUGLQDWHV; PDQG< P1RWHWKDW6RXUFH
KDVWKHJUHDWHVWLQIOXHQFHRQWKHWRWDOFRQFHQWUDWLRQ
 

0RQWH&DUOR6LPXODWLRQ
 7KLVVDPSOHSUREOHPFRQVLVWVRID0RQWH&DUORVLPXODWLRQXVLQJWKH6RXUFHLQSXWILOHIURPWKH
SUHYLRXVH[DPSOH,QVWHDGRIXVLQJWKHXVHUGHILQHGVRXUFHFRQWDPLQDQWIOX[HVWRWKHXQVDWXUDWHG]RQH
ZHUHDSSUR[LPDWHGXVLQJWKHSRQGPRGHO:DWHUSHUFRODWLRQWKURXJKWKHZDVWHIRUWKHILUVW\HDUVRI
RSHUDWLRQZDVGHILQHGE\WKHLQSXWSDUDPHWHU31')/;GLYLGHGE\WKHOHQJWKDQGZLGWKRIWKHVRXUFH
3HUFRODWLRQDIWHU\HDUVFORVXUHRIWKHIDFLOLW\ZDVGHILQHGE\WKH3(5&YDULDEOH$FRQVWDQWVRXUFH
RI&L\±ZDVSXWLQWKHIDFLOLW\RYHUD\HDUSHULRG6HYHQSDUDPHWHUVZHUHYDULHGDFFRUGLQJWRRQH
RIWKHSUHGHILQHGGLVWULEXWLRQLGHQWLILHGLQWKH*:6&5((1&75ILOH)LJXUH7KHGRVHDW\HDUV
IURPWKHVWDUWRIWKHVLPXODWLRQIRUDUHFHSWRUORFDWHGDWWKHXVHUFRRUGLQDWHV; P< PVHH
SUHYLRXVH[DPSOHZDVWKHHQGSRLQWVHOHFWHGIRURXWSXW)LYHKXQGUHG0RQWH&DUORWULDOVZHUHUXQ
7DEOHOLVWVWKHFXPXODWLYHIUHTXHQF\GLVWULEXWLRQSHUFHQWLOHVRIWKHHVWLPDWHGJURXQGZDWHU
LQJHVWLRQGRVHV7KHPLQLPXPGRVHZDVPUHPDQGWKHPD[LPXPZDVPUHPZLWKDPHDQRI
PUHPDQGDVWDQGDUGGHYLDWLRQRIPUHP3HUFHQWLOHVZHUHH[WUDFWHGIURPWKH*:6&5((10&2ILOH
XVLQJWKH(;75$&7XWLOLW\SURJUDP
5DGLRDFWLYH:DVWH0DQDJHPHQW&RPSOH[
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)LJXUH,VRSOHWKVRI&JURXQGZDWHUFRQFHQWUDWLRQDWWLPH \HDUV7KHIL[HG
UHFHSWRUORFDWLRQWULDQJOHLVWKHUHFHSWRUORFDWLRQZKHUHWKHWLPHKLVWRU\FRQFHQWUDWLRQSORW
ZDVFDOFXODWHG
 
7KHRXWSXWGLVWULEXWLRQUHIOHFWVWKHRYHUDOOSUHFLVLRQRIWKHPRGHOSUHGLFWLRQVDQGLWVYDOLGLW\LV
GHSHQGHQWRQWKHFKRLFHRIGLVWULEXWLRQVDVVLJQHGWRHDFKLQSXWSDUDPHWHU,WGRHVQRWDWWHPSWWRTXDQWLI\
PRGHOXQFHUWDLQW\0RGHOXQFHUWDLQW\LVDPHDVXUHRIKRZZHOOWKHPRGHOUHSUHVHQWWKHSURFHVVHVDQG
RYHUDOOEHKDYLRURIWKHV\VWHPDQGLVHYDOXDWHGE\FRPSDULQJPRGHOSUHGLFWLRQVWRPHDVXUHGYDOXHV,Q
WKHVDPSOHSUHVHQWHGKHUHWKHGLVWULEXWLRQVDVVLJQHGWRWKHVWRFKDVWLFYDULDEOHVDUHDGPLWWHGO\ILUVWFXW
JXHVVHVDQGSUREDEO\GRQRWUHIOHFWRXUWUXHODFNRINQRZOHGJHDERXWWKHLUWUXHEXWXQNQRZQYDOXH
7KH\DUHXVHGKHUHRQO\WRGHPRQVWUDWHWKH0RQWH&DUORVDPSOLQJIHDWXUHVRI*:6&5((1
7KHRXWSXWGLVWULEXWLRQJHQHUDWHGIURPWKHVDPSOHSUREOHPPD\EHLQWHUSUHWHGDVIROORZV
• RIWKHPRGHOSUHGLFWHGGRVHVDUHEHWZHHQPUHPDQGPUHP
• RIWKHPRGHOSUHGLFWHGGRVHVDUHEHWZHHQPUHPDQGPUHP
• RIWKHPRGHOSUHGLFWHGGRVHVDUHEHWZHHQPUHPDQGPUHP
1RWHWKDWWKHDERYHVWDWHPHQWVPDNHQRPHQWLRQRIZKDWWKHWUXHGRVHPLJKWEH7KHPHWKRGV
SUHVHQWHGKHUHRQO\DFFRXQWIRUWKHXQFHUWDLQW\LQWKHPRGHOSUHGLFWLRQV7KHXVHULVFDXWLRQHGDJDLQVW
XVLQJWKHPHDQPHGLDQRUDQ\RWKHUFHQWUDOHVWLPDWHVWDWLVWLFWRUHSUHVHQWWKHPRGHOVVRFDOOHG³EHVW
HVWLPDWH´7KHSUREDELOLW\LVWKHVDPHIRUDQ\YDOXHZLWKLQWKHGLVWULEXWLRQDQGVHOHFWLQJWKHPHDQRU
PHGLDQPDNHVDERXWDVPXFKVHQVHDVVHOHFWLQJWKHWKRUWKSHUFHQWLOH7KHUHLVQR³EHVWHVWLPDWH´
UDWKHUWKHDQVZHULVWKHGLVWULEXWLRQLWVHOIRIZKLFKDOOYDOXHVZLWKLQWKHGLVWULEXWLRQKDYHHTXDO
SUREDELOLW\RIRFFXUUHQFH1RWHKRZHYHUWKDWIRUDJLYHQSHUFHQWLOHUDQJHWKHUHLVOHVVVSUHDGLQWKH
GLVWULEXWLRQQHDUWKHPHGLDQRUPHDQYDOXHFRPSDUHGWRYDOXHVQHDUWKHWDLOVVHH7DEOH
6HQVLWLYLW\RILQJHVWLRQGRVHHTXLYDOHQWWRLQSXWSDUDPHWHUYDOXHVLVJLYHQLQ7DEOH
6HQVLWLYLWLHVZHUHFDOFXODWHGE\FRPSXWLQJWKHUDQNFRUUHODWLRQFRHIILFLHQWEHWZHHQHDFKVWRFKDVWLF
YDULDEOHDQGWKHUHVXOWLQJGRVH6HQVLWLYLW\PD\DOVREHH[SUHVVHGLQWHUPVRIWKHSHUFHQWDJHFRQWULEXWLRQ
WRWKHYDULDQFHLQWKHGRVH3HUFHQWFRQWULEXWLRQWRWKHYDULDQFHLQGRVHZDVDSSUR[LPDWHGE\VTXDULQJ
WKHUDQNFRUUHODWLRQFRHIILFLHQWVDQGQRUPDOL]LQJWKHQWR)RUWKLVH[DPSOHWKHGRVHZDVPRVW
VHQVLWLYHWRWKHSHUFRODWLRQUDWHIROORZHGE\WKHGHSWKRIWKHXQVDWXUDWHG]RQH7KHSHUFRODWLRQUDWHLV
SURSRUWLRQDOWRWKHPDVVIOX[RI&UHDFKLQJWKHDTXLIHU0RGHORXWSXWZDVPRUHVHQVLWLYHWRWKH3(5&
YDULDEOHFRPSDUHGWRWKH31')/;YDULDEOHEHFDXVH3(5&ZDVDVVLJQHGDEURDGHUGLVWULEXWLRQFRPSDUHG
WR31')/;
7KHGLVWULEXWLRQFRHIILFLHQWLVW\SLFDOO\DYHU\VHQVLWLYHSDUDPHWHU+RZHYHULQWKLVH[DPSOHWKH
GLVWULEXWLRQRI.G¶VFRQWDLQHGUHODWLYHO\VPDOOYDOXHVUHVXOWLQJLQUHODWLYHO\FRQVWDQWUHWDUGDWLRQIDFWRUV
DQGWKXVORZVHQVLWLYLW\$OVRQRWHWKDW*:6&5((1DVVXPHV.GYDOXHVDUHFRUUHODWHGEHWZHHQPHGLD
VRXUFHXQVDWXUDWHGDQGVDWXUDWHG]RQHVZKHQLGHQWLFDO.GYDOXHVDUHDVVLJQHGWRDQ\WZRPHGLD)RU
H[DPSOHLIWKHVRXUFHDQGXQVDWXUDWHG]RQHKDYHWKHVDPH.GYDOXHDQGWKHVRXUFH.GLVGHILQHGDVD
VWRFKDVWLFYDULDEOHWKHQ*:6&5((1DOVRWUHDWVWKHXQVDWXUDWHG.GDVVWRFKDVWLFDQGDVVLJQVLWWKHVDPH
YDOXHDVWKHVRXUFH
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GWSCREEN.CTR File
Monte Carlo Simulation - area 3 RWMC
area3mc.out
1
area3.par 500 -20
6
KDS 2 .001 2.5 0.000001 10. (lognormal)
KDA1 2 0.0001 3.0 0.0000001 1.0 (lognormal)
PERC 1 0.1 0.05 0.01 1.0 (normal)
DEPTH 4 8. 11.0 14.0 0. (triangular)
THICKS 3 5. 7.0 0.0 0. (uniform)
PNDFLX 3 2500. 3600. 0.0 0.0 (uniform)
area3mc.par file
GWSCREEN Sample Problem 2; Monte Carlo Sim C-14 in the RWMC Area 3 (Card 1)
1 2 2 2 1 (Card 2) imode,itype,idisp,kflag,idil
2 2 2 2 2 (Card 3) imodel,isolve,isolveu,imoist,imoistu
6 12 0.005 (Card 4) jstart jmax eps
70. 2.555E+04 2.0 350. 1. 1.0 (Card 5) bw,at,wi,ef,ed,dlim
-36.5 533. (Card 6) x0,y0
257.0 122. 0.1 (Card 7) l, w, perc
60. 3.098e3 0.0 (Card 8a) toper pndflx evap thetap
6. 1.5 (Card 8b) thicks rhos
1.066 1.523 23.9 0.478 0.142 (Card 8d) alpha n ksat pors thetar
11. 1.9 1. (Card 9) depth,rhou,axu
1.066 1.523 23.9 0.478 0.142 (Card 9d) alphau nu ksatu porsu thetaru
9.0 3.0e-1 1.0e-1 76. 12. (Card 10) ax,ay,az,b,z
57. 0.1 1.9 (Card 11) u,phi,rhoa
1 (Card 12a) nrecept
500. 533. (Card 12b) xrec yrec
1 (Card 13a) ntimes
100. 102. 2. (Card 13b) t1,t2,tp
1 (Card 14) ncontam
0. 0.001 0.001 14. 1.0 20.0 1.0e6 0.0 (Card 14a) nprog kds kdu zmw q0 rmi sl other
C-14 5700. 0.00 2100. (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
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
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)DOOV,'-DQXDU\
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'&

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86'HSDUWPHQWRI(QHUJ\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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
'2(7UDFN6LWHV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
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3DUW$(3$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$0DQXDOIRU
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& 6) , (' ()PD[ =
×
× × ×
−   
ZKHUH
 &PD[ PD[LPXPDOORZDEOHJURXQGZDWHUFRQFHQWUDWLRQDYHUDJHGRYHUWKHFRQVXPSWLRQ
SHULRG&L/±
 6) VORSHIDFWRU&L±
 , ZDWHUFRQVXPSWLRQUDWH/G±
 (' H[SRVXUHGXUDWLRQ\HDUV
 () H[SRVXUHIUHTXHQF\G\±

 7KHVORSHIDFWRUIRU3XLV&L±WKHUHIRUHWKHPD[LPXPDOORZDEOHJURXQGZDWHU
FRQFHQWUDWLRQLV
 
 
×
× ×
= ×
−
&L  /  G G  \\ &L  /
  
:KHQSHUIRUPLQJWKHVHFDOFXODWLRQVIRUUDGLRQXFOLGHVWKDWGHFD\WRRWKHUUDGLRQXFOLGHV
SURJHQ\WKHULVNVGXHWRWKHSURJHQ\PXVWDOVREHFRQVLGHUHG3OXWRQLXPGHFD\VWR8
ZLWKDKDOIOLIHRI×\HDUV8UDQLXPKDVDORQJKDOIOLIH×\HDUVDQG
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
ZKHUH
 0&/L PD[LPXPFRQWDPLQDQWOLPLWIRULWKPHPEHURIWKHGHFD\FKDLQ&L/
 &$SDUHQW PD[LPXPSDUHQWJURXQGZDWHUFRQFHQWUDWLRQDYHUDJHGRYHUWKHFRQVXPSWLRQ
SHULRG&L/
 &$L PD[LPXPJURXQGZDWHUFRQFHQWUDWLRQIRUWKHLWKGHFD\FKDLQPHPEHUDYHUDJHGRYHU
WKHFRQVXPSWLRQSHULRG&L/
 , ZDWHULQWDNHUDWH/G±
 &/ PD[LPXPDOORZDEOHSDUHQWJURXQGZDWHUFRQFHQWUDWLRQIRUSURJHQ\&L/

7KLVYDOXHZDVSULQWHGLQHDUOLHUYHUVLRQVRI*:6&5((1EXWLVQRWSULQWHGLQ*:6&5((1
YHUVLRQ0D[LPXPDOORZDEOHLQYHQWRU\LVLQVWHDGFDOFXODWHGE\VLPSO\VXPPLQJWKHUDWLRRI
WKHPRGHOHGFRQFHQWUDWLRQWRWKHOLPLWLQJJURXQGZDWHUFRQFHQWUDWLRQVDQGDGMXVWLQJLWVRWKHVXP
RIWKHUDWLRVLVOHVVWKDQ7KH8SURJHQ\KDGOLWWOHLPSDFWRQWKHUHVXOWVVLQFHYHU\OLWWOH
DFWLYLW\LVJHQHUDWHGGXULQJWKHSHULRGRIWUDQVLWIURPWKHVRXUFHWRUHFHSWRU

6DPSOH3UREOHP0D[LPXP3HUPLVVLEOH&RQFHQWUDWLRQ

 0D[LPXPDOORZDEOHLQYHQWRU\LQVRLOIRU6ULQDP×P×PVRXUFHYROXPH
ORFDWHGLQDQHQYLURQPHQWVLPLODUWRHDVWHUQ,GDKRDQGXVLQJWKHGHIDXOWSDUDPHWHUVSUHVHQWHGLQ
'2(,'5HYLVLRQ7KHPD[LPXPDOORZDEOHVRLOLQYHQWRU\ZDVEDVHGRQWKH
PD[LPXPSHUPLVVLEOHFRQFHQWUDWLRQLQDFRPPXQLW\GULQNLQJZDWHUV\VWHPVGHVFULEHGLQ&)5
6XESDUW%7DEOH$RIS&L/±

6DPSOH3UREOHPD 

 0D[LPXPDOORZDEOHLQYHQWRU\LQVRLOIRUPHUFXU\FDUERQDWH+J&2LQDP×P
×PVRXUFHYROXPHORFDWHGLQDQHQYLURQPHQWVLPLODUWRHDVWHUQ,GDKRDQGXVLQJWKHGHIDXOW
SDUDPHWHUVSUHVHQWHGLQ'2(,'5HYLVLRQ7KHPD[LPXPDOORZDEOHLQYHQWRU\LQ
VRLOZDVEDVHGRQVXEFKURQLFQRQFDUFLQRJHQLFWR[LFLW\\HDUH[SRVXUHSHULRGXVLQJDQ5I'
YDOXHRI×±PJNJGD\6DPSOHSUREOHPDQGLOOXVWUDWHVWKHVROXELOLW\UHOHDVHPRGHO
LQ*:6&5((1YHUVLRQ7KHVROXELOLW\OLPLWXVHGLQWKHVLPXODWLRQZDVEDVHGRQWKH
FDUERQDWHIRUPRIPHUFXU\DQGZDVREWDLQHGIURPWKH&5&+DQGERRNRI&KHPLVWU\DQG3K\VLFV
:KHQUXQLQWKH³EDFNZDUGV´GLUHFWLRQVHWWLQJWKH.)/$*YDULDEOHWRYHUVLRQFDOFXODWHV
LPSDFWVIURPVROXELOLW\OLPLWHGFRQWDPLQDQWUHOHDVHVGLIIHUHQWO\WKDQHDUOLHUYHUVLRQVRIWKHFRGH
,QSUHYLRXVYHUVLRQVPD[LPXPJURXQGZDWHUFRQFHQWUDWLRQDQGPD[LPXPDOORZDEOHFRQWDPLQDQW
 / SDUHQW
L 
Q
L
L
&  &$&$
0&/

 $
LQYHQWRU\LQVRLOZHUHFDOFXODWHGLJQRULQJWKHHIIHFWVRIVROXELOLW\7KHSRUHZDWHUFRQFHQWUDWLRQ
RIWKHPD[LPXPDOORZDEOHLQYHQWRU\ZDVWKHQFRPSDUHGWRWKHVROXELOLW\OLPLWRIWKH
FRQWDPLQDQW,IWKHSRUHZDWHUFRQFHQWUDWLRQH[FHHGHGWKHVROXELOLW\OLPLWWKHQDZDUQLQJZDV
SULQWHGLQWKHRXWSXWILOH

 ,QYHUVLRQWKHPD[LPXPJURXQGZDWHUFRQFHQWUDWLRQDQGPD[LPXPDOORZDEOH
LQYHQWRU\LQVRLODUHFDOFXODWHGEDVHGRQWKHVROXELOLW\OLPLWRIWKHFRQWDPLQDQWLQWKHVRXUFHDQG
WKHXVHUGHILQHGVSHFLILHGLQWKHLQSXWILOHLQLWLDOLQYHQWRU\LQWKHVRXUFHYROXPH7ZRZDUQLQJ
IODJVDUHWKHQSULQWHGGHSHQGLQJRQWKHUHVXOWVRIWKHFDOFXODWLRQ
 ,IWKHSRUHZDWHUFRQFHQWUDWLRQRIWKHPD[LPXPDOORZDEOHLQYHQWRU\H[FHHGVWKH
VROXELOLW\OLPLWRIWKHFRQWDPLQDQWWKHQWKHVWDWHPHQW
WARNING: PORE WATER CONCENTRATION OF THE MAXIMUM ALLOWABLE INVENTORY
EXCEEDS THE SOLUBILITY LIMIT OF THE CONTAMINANT
LVSULQWHGWRWKHRXWSXWILOH
 ,IWKHSRUHZDWHUFRQFHQWUDWLRQRIWKHXVHUGHILQHGLQYHQWRU\VSHFLILHGLQWKHLQSXWILOH
H[FHHGVWKHVROXELOLW\OLPLWRIWKHFRQWDPLQDQWWKHQWKHVWDWHPHQW
WARNING: THE SOLUBILITY LIMIT OF THE CONTAMINANT WAS EXCEEDED IN THE SOURCE
LVSULQWHGWRWKHRXWSXWILOH

 7KHVHZDUQLQJVWDWHPHQWVLQGLFDWHWKDWVRLOLQYHQWRULHVJUHDWHUWKDQWKHVROXELOLW\OLPLWHG
PDVVRINJUHSRUWHGHDUOLHULQWKHRXWSXWILOHZLOOQRWUHVXOWLQSURSRUWLRQDOLQFUHDVHVLQ
JURXQGZDWHUFRQFHQWUDWLRQVDWWKHUHFHSWRU$PD[LPXPDOORZDEOHVRLOPDVVRINJZDV
FDOFXODWHGIRUWKLVH[DPSOHDQGWKHSRUHZDWHUFRQFHQWUDWLRQIRUWKLVPDVVH[FHHGHGWKHVROXELOLW\
OLPLWPJ/±RIWKHPHUFXU\FRPSRXQG7KHSRUHZDWHUFRQFHQWUDWLRQJLYHQE\
(TXDWLRQLV
×PJP×P×P××>^P/JJFP`@ PJ/
ZKLFKLVVXEVWDQWLDOO\KLJKHUWKDQWKHVROXELOLW\OLPLWRIWKHFRQWDPLQDQW7KHXVHULQSXWPDVV
NJDOVRUHVXOWVLQDSRUHZDWHUFRQFHQWUDWLRQPJ/WKDWH[FHHGVWKHVROXELOLW\OLPLWRI
WKHFRPSRXQG

6DPSOH3UREOHPE

 &RQFHQWUDWLRQYHUVHVWLPHIRUWKHNJPHUFXU\FDUERQDWHVRXUFHGHVFULEHGLQSUREOHP
D1RWHWKDWWKHFRQWDPLQDQWPDVV4,H[FHHGVWKHVROXELOLW\OLPLWHGPDVVFDOFXODWHGLQVDPSOH
SUREOHPDDQGUHSRUWHGLQWKHRXWSXWILOH7KHUHIRUHWKHUHOHDVHLVVROXELOLW\OLPLWHGFRQWUROOHG
&RQWDPLQDQWIOX[WRWKHXQVDWXUDWHG]RQHLVFRQVWDQWXQWLOWKHVRXUFHPDVVLVGHSOHWHGWRWKH
VROXELOLW\OLPLWHGPDVVRI×PJ$IWHUWKDWUHOHDVHIURPWKHVRXUFHYROXPHRFFXUVE\
ILUVWRUGHUOHDFKLQJ7KHVROXELOLW\OLPLWHGUHOHDVHWLPHZDV\HDUV

 $
 ,QWKLVH[DPSOHFRQFHQWUDWLRQDVDIXQFWLRQRIWLPHLVSULQWHGWRWKHRXWSXWILOH7KHILUVW
FROXPQLQWKHFRQFHQWUDWLRQRXWSXWOLVWVWKHWLPHIURPWKHVWDUWRIZDVWHHPSODFHPHQW,QWKH
VHFRQGFROXPQWKHDTXLIHUIOX[DWHDFKVSHFLILHGRXWSXWWLPHLVSULQWHG7KHWKLUGFROXPQUHSRUWV
WKHDTXLIHUFRQFHQWUDWLRQIRUHDFKVSHFLILHGRXWSXWWLPH,IDUDGLRDFWLYHVSHFLHVZLWKSURJHQ\
DUHPRGHOHGWKHQSURJHQ\FRQFHQWUDWLRQVDUHUHSRUWHGWRWKHULJKWRIWKHSDUHQWFRQFHQWUDWLRQ
7KH'26(287ILOHLVDOVRJHQHUDWHG,QWKLVILOHWKHKHDOWKHIIHFWVKD]DUGTXRWLHQWVLQWKLV
FDVHDUHRXWSXWIRUHDFKWLPHSHULRGVSHFLILHGE\WKHLQSXWILOH1RWHWKDWWKHPD[LPXPDTXLIHU
FRQFHQWUDWLRQLVWKHVDPHDVFDOFXODWHGLQSUREOHPD.)/$* %RWKDTXLIHUFRQFHQWUDWLRQV
DQGDTXLIHUIOX[DUHFRQVWDQWXQWLOWKHVROXELOLW\OLPLWHGUHOHDVHWLPHSOXVWUDQVLWWLPHLQWKH
YDGRVH]RQHDQGDTXLIHULVH[FHHGHG&RQFHQWUDWLRQVDQGIOX[HVWKHQGHFUHDVHH[SRQHQWLDOO\

6DPSOH3UREOHPD

 0D[LPXPDOORZDEOHLQYHQWRU\LQVRLOIRUWHWUDFKORURGLEHQ]RSGLR[LQH7&''
LQDUHPHGLDWHGVWRUDJHVLWHLQ%LOR[L0LVVLVVLSSL7KHPD[LPXPDOORZDEOHVRLOLQYHQWRU\ZDV
EDVHGRQDFDUFLQRJHQLFVORSHIDFWRURI(PJNJGD\±,QWKLVH[DPSOHWKHRSWLRQDOORVV
UDWHFRQVWDQWIRUWKHVRXUFHZDVHPSOR\HG5HVHDUFKKDVLQGLFDWHG6FKDXPWKDW7&''
GHJUDGHVLQVRLOZLWKDKDOIOLIHRIDURXQG\HDUVDQGQHDUWKHVXUIDFHZLWKDKDOIOLIHRI
\HDUV'HJUDGDWLRQUDWHVRI7&''LQJURXQGZDWHUZHUHXQNQRZQ'HJUDGDWLRQRQO\DIIHFWV
7&''LQWKHVRXUFHFRPSDUWPHQWVRLODQGLWZDVDVVXPHGWKDWWKHVXUIDFHVRLOZDVFOHDQ
7KHUHIRUHDKDOIOLIHRI\HDUVZDVXVHGWRFDOFXODWHWKHGHJUDGDWLRQUDWHFRQVWDQWYDULDEOH
5&LQ*:6&5((1IRUWKHVRXUFHYROXPH7KLVGHJUDGDWLRQUDWHZDVRQO\DSSOLHGWR7&''LQ
WKHVRXUFHYROXPH7&''RXWVLGHWKHVRXUFHZDVDVVXPHGWRKDYHDQLQILQLWHKDOIOLIH7KH.G
YDOXHXVHGLQWKHH[DPSOHZDVEDVHGRQDQRUJDQLFSDUWLWLRQLQJFRHIILFLHQW.RFRI×P/
J±DQGDIUDFWLRQRIRUJDQLFFDUERQRI×±$ZHOOVFUHHQWKLFNQHVVRIPZDVVHOHFWHG

6DPSOH3UREOHPE

 0D[LPXPDOORZDEOHLQYHQWRU\LQVRLOIRUWHWUDFKORURGLEHQ]RSGLR[LQH7&''
LQDUHPHGLDWHGVWRUDJHVLWHLQ%LOR[L0LVVLVVLSSLIRUDPZHOOVFUHHQWKLFNQHVVLQDPWKLFN
DTXLIHU7KLVSUREOHPLOOXVWUDWHVWKH'YHUWLFDOO\DYHUDJHGVROXWLRQ,7<3( 1RWHWKDW
DYHUDJHFRQFHQWUDWLRQLVOHVVWKDQZKDWZDVFDOFXODWHGLQSUREOHPDEHFDXVHWKHFRQWDPLQDQWLV
DOORZHGWRGLVSHUVHLQWKHWRWDOWKLFNQHVVRIWKHDTXLIHU,QSUREOHPDWKHFRQWDPLQDQWLVRQO\
DOORZHGWRGLVSHUVHLQWKHILUVWPRIWKHDTXLIHU

6DPSOH3UREOHP

 0D[LPXPDOORZDEOH5DLQYHQWRU\LQVRLOIRUDK\SRWKHWLFDOXUDQLXPPLOOWDLOLQJVSLOH
FRQWDLQLQJDQDYHUDJH5DFRQFHQWUDWLRQRIS&LJ±7KHPD[LPXPDOORZDEOHLQYHQWRU\
ZDVEDVHGRQWKHSURSRVHGPD[LPXPFRQWDPLQDQWOLPLW0&/IRU5DLQJURXQGZDWHURI
S&L/±&5)DQGS&L/±IRU3E1RWHWKDWWKHUDWLRRIWKHSHDNFRQFHQWUDWLRQWR
 $
0&/ZDVJUHDWHVWIRU3EFRPSDUHGWR5D$SHDNFRQFHQWUDWLRQ0&/UDWLR
JUHDWHUWKDQLQGLFDWHVJURXQGZDWHUFRQFHQWUDWLRQVH[FHHGHG0&/V0D[LPXPDOORZDEOH
LQYHQWRU\ZDVFRQWUROOHGE\WKH3EGDXJKWHUSURGXFWDQQRWWKH5DSDUHQW

6DPSOH3UREOHPD

 0D[LPXPDOORZDEOH1LDFWLYLW\LQYHQWRU\LQVRLODWDK\SRWKHWLFDOVLWH0D[LPXP
DOORZDEOH1LLQYHQWRULHVLQVRLOZHUHEDVHGRQDDQQXDOFRPPLWWHGGRVHHTXLYDOHQWRIPUHP
\±6DPSOHSUREOHPDQGLOOXVWUDWHVWKHVROXELOLW\UHOHDVHPRGHOLQ*:6&5((1YHUVLRQ
:KHQUXQLQWKH³EDFNZDUGV´GLUHFWLRQVHWWLQJWKH.)/$*YDULDEOHWRYHUVLRQ
FDOFXODWHVLPSDFWVIURPVROXELOLW\OLPLWHGFRQWDPLQDQWUHOHDVHVGLIIHUHQWO\WKDQHDUOLHUYHUVLRQV
RIWKHFRGH,QSUHYLRXVYHUVLRQVPD[LPXPFRQFHQWUDWLRQDQGPD[LPXPDOORZDEOHVRLO
LQYHQWRU\ZHUHFDOFXODWHGLJQRULQJWKHHIIHFWVRIVROXELOLW\7KHSRUHZDWHUFRQFHQWUDWLRQRIWKH
PD[LPXPDOORZDEOHLQYHQWRU\ZDVWKHQFRPSDUHGWRWKHVROXELOLW\OLPLWRIWKHFRQWDPLQDQW,I
WKHSRUHZDWHUFRQFHQWUDWLRQH[FHHGHGWKHVROXELOLW\OLPLWWKHQDZDUQLQJZDVSULQWHGLQWKH
RXWSXWILOH

 ,QYHUVLRQWKHPD[LPXPJURXQGZDWHUFRQFHQWUDWLRQDQGPD[LPXPDOORZDEOH
LQYHQWRU\LQVRLODUHFDOFXODWHGEDVHGRQWKHVROXELOLW\OLPLWRIWKHFRQWDPLQDQWDQGWKHXVHU
GHILQHGVSHFLILHGLQWKHLQSXWILOHLQLWLDOLQYHQWRU\LQWKHVRXUFHYROXPH7ZRZDUQLQJIODJVDUH
WKHQSULQWHGGHSHQGLQJRQWKHUHVXOWVRIWKHFDOFXODWLRQ
 ,IWKHSRUHZDWHUFRQFHQWUDWLRQRIWKHPD[LPXPDOORZDEOHLQYHQWRU\H[FHHGVWKH
VROXELOLW\OLPLWRIWKHFRQWDPLQDQWWKHQWKHVWDWHPHQW
WARNING: PORE WATER CONCENTRATION OF THE MAXIMUM ALLOWABLE INVENTORY
EXCEEDS THE SOLUBILITY LIMIT OF THE CONTAMINANT
LVSULQWHGWRWKHRXWSXWILOH
 ,IWKHSRUHZDWHUFRQFHQWUDWLRQRIWKHXVHUGHILQHGLQYHQWRU\VSHFLILHGLQWKHLQSXWILOH
H[FHHGVWKHVROXELOLW\OLPLWRIWKHFRQWDPLQDQWWKHQWKHVWDWHPHQW
WARNING: THE SOLUBILITY LIMIT OF THE CONTAMINANT WAS EXCEEDED IN THE SOURCE
LVSULQWHGWRWKHRXWSXWILOH

7KHVHZDUQLQJVWDWHPHQWVLQGLFDWHWKDWVRLOLQYHQWRULHVJUHDWHUWKDQWKHVROXELOLW\OLPLWHG
PDVVRIPJUHSRUWHGHDUOLHULQWKHRXWSXWILOHZLOOQRWUHVXOWLQSURSRUWLRQDOLQFUHDVHVLQ
JURXQGZDWHUFRQFHQWUDWLRQVDWWKHUHFHSWRU$PD[LPXPDOORZDEOHDFWLYLW\LQYHQWRU\LQVRLORI
&LNJZDVFDOFXODWHGIRUWKLVQXFOLGH7KHSRUHZDWHUFRQFHQWUDWLRQLQWKHVRXUFH
YROXPHIRUWKLVPDVVH[FHHGHGWKHVROXELOLW\OLPLWPJ/±RI1LDQGWKHUHIRUHWKHILUVW
ZDUQLQJVWDWHPHQWZDVSULQWHG7KHXVHULQSXWDFWLYLW\RI&LNJDOVRUHVXOWVLQSRUH
ZDWHUFRQFHQWUDWLRQVWKDWH[FHHGWKHVROXELOLW\OLPLWRIWKHQXFOLGH7KHUHIRUHWKHVHFRQG
ZDUQLQJVWDWHPHQWZDVSULQWHG

6DPSOH3UREOHPE
 $

 &RQFHQWUDWLRQYHUVXVWLPHIRUD&LLQYHQWRU\Q&LJ±1LVRXUFHDWD
K\SRWKHWLFDOVLWH7KHUHOHDVHLVVROXELOLW\OLPLWHGIRUWKHWLPHJLYHQE\(TXDWLRQ7KH
PD[LPXPGRVHFDQEHFRPSXWHGIURPWKHPD[LPXPFRQFHQWUDWLRQ×±&L/±E\
PXOWLSO\LQJE\DQDQQXDOZDWHULQJHVWLRQUDWHDQGGRVHFRQYHUVLRQIDFWRU

 'RVH (&L/×/\×UHP&L×PUHPUHP PUHP\

7KLVYDOXHLVFRPSXWHGDQGSULQWHGLQWKH'26(287ILOH6LQFHWKLVYDOXHLVEHORZWKHPUHP
\±FULWHULDWKHQWKHK\SRWKHWLFDOLQYHQWRU\ZRXOGEHFRQVLGHUHGDFFHSWDEOHLQWHUPVRI
JURXQGZDWHUSURWHFWLRQ

6DPSOH3UREOHPD

 0D[LPXPDOORZDEOHUHOHDVHUDWHWRDK\SRWKHWLFDOSHUFRODWLRQSRQGUHFHLYLQJP\±
RIOLTXLGHIIOXHQWFRQWDLQLQJµ&L/±RI6U,QWKLVH[DPSOHWKHXQVDWXUDWHGWKLFNQHVVZDV
VHWYHU\WKLQVRWKDWWKHSRQGHIIOXHQWHVVHQWLDOO\JRHVGLUHFWO\LQWRWKHDTXLIHU$GGLWLRQDO
GLOXWLRQLQWKHDTXLIHUIURPSRQGHIIOXHQWZDVQRWFDOFXODWHGLQWKLVVDPSOHSUREOHPVRWKDW
UHVXOWVZRXOGEHFRPSDUDEOHWRHDUOLHUYHUVLRQVRI*:6&5((1WKDWGLGQRWLQFOXGHWKLVRSWLRQ
,QFOXGLQJDGGLWLRQDOGLOXWLRQIURPSRQGHIIOXHQWE\VHWWLQJWKH,',/YDULDEOHWRUHVXOWVLQDERXW
DGHFUHDVHLQWKHSHDNFRQFHQWUDWLRQIRUWKLVSUREOHP

6DPSOH3UREOHPE

 &RQFHQWUDWLRQDVDIXQFWLRQRIWLPHIRUWKHSRQGGHVFULEHGLQSUREOHPD,QWKLV
H[DPSOHWKHWDEXODWHGVRXUFHIXQFWLRQZDVXVHG7KHPDVVIOX[IURPWKHSRQGDVDIXQFWLRQRI
WLPHZDVFDOFXODWHGXVLQJ(TXDWLRQIRUWLPHSHULRGVOHVVWKDQ\HDUVDQG(TXDWLRQIRU
WLPHSHULRGV!\HDUV7KHVHUHOHDVHVUDWHVZHUHFDOFXODWHGRQDVSUHDGVKHHWDQGH[SRUWHGWR
WKHILOH3%5(/7KLVILOHZDVWKHQUHIHUHQFHGLQWKHSUREOHPELQSXWILOH1RWHWKDWWKHIOX[
WRWKHDTXLIHUDW\HDUV&L\GRHVQRWHTXDOWKHPDVVLQSXWUDWHWRWKHSRQG&L\
LQGLFDWLQJWKDWWKHSRQGVHGLPHQWFRPSDUWPHQWGLGQRWHTXLOLEUDWHGGXULQJWKH\HDU
RSHUDWLRQDOSHULRG7KHDTXLIHUIOX[DIWHU\HDUVGURSVWR&L\±DQGWKHQGHFUHDVHV
H[SRQHQWLDOO\7KHODUJHGURSIROORZLQJ\HDUVLVGXHWRWKHFKDQJHLQQHWLQILOWUDWLRQGXULQJ
DQGDIWHURSHUDWLRQRIWKHSRQG

6DPSOH3UREOHPF

 0D[LPXPDOORZDEOHUHOHDVHUDWHWRDK\SRWKHWLFDOSHUFRODWLRQSRQGUHFHLYLQJP\
OLTXLGHIIOXHQWFRQWDLQLQJµ&L/RI6U7KLVLVEDVLFDOO\WKHVDPHSUREOHPDVGHVFULEHGLQ
SUREOHPDKRZHYHUWKHPD[LPXPDOORZDEOHUHOHDVHUDWHZDVEDVHGRQFDUFLQRJHQLFULVNLQVWHDG
RIUDGLRORJLFDOGRVHDQGWKHYHUWLFDOO\DYHUDJHG'VROXWLRQZDVXVHGLQVWHDGRIWKH'VROXWLRQ
 $
,QWKLVH[DPSOHWKHDTXLIHUWKLFNQHVVDQGWKHZHOOVFUHHQWKLFNQHVVZHUHVHWHTXDOWRRQHDQRWKHU
8QGHUWKHVHFRQGLWLRQVWKHFRQFHQWUDWLRQFDOFXODWHGZLWKWKHYHUWLFDOO\DYHUDJHG'VROXWLRQ
VKRXOGEHWKHVDPHDVWKHFRQFHQWUDWLRQFDOFXODWHGXVLQJWKH'YHUWLFDOO\DYHUDJHGVROXWLRQ
7KH*:6&5((1RXWSXWUHSRUWVPD[LPXPFRQFHQWUDWLRQVDQGDYHUDJHFRQFHQWUDWLRQV$YHUDJH
FRQFHQWUDWLRQVZHUHQRWFRPSDUDEOHEHFDXVHWKHDYHUDJLQJWLPHVXVHGLQVDPSOHSUREOHPDDQG
FZHUHGLIIHUHQW0D[LPXPFRQFHQWUDWLRQVDUHFRPSDUDEOHDQGWKHVHYDOXHVZHUHWKHVDPHIRU
SUREOHPDDQGF

6DPSOH3UREOHP

 0D[LPXPDOORZDEOHLQYHQWRU\LQVRLO3XLQDQHQYLURQPHQWVLPLODUWRHDVWHUQ,GDKR
7KHOLPLWLQJVRLOFRQFHQWUDWLRQLVEDVHGFDUFLQRJHQLFULVN7KLVH[DPSOHVKRZVWKHLPSRUWDQFH
RILQFOXGLQJUDGLRDFWLYHSURJHQ\LQWKHDVVHVVPHQW7KHULVNUHVXOWLQJIURP3XDORQHLV
LQVLJQLILFDQW(+RZHYHUWKHULVNIURPWKHSURJHQ\$P(LVZLWKLQZKDW(3$
GHILQHVDWWKH³SRLQWRIGHSDUWXUHIRUDFFHSWDEOHULVN×±WR×±´$OVRQRWHWKH
GLVFXVVLRQLQ6HFWLRQRIWKLVGRFXPHQWFRQFHUQLQJWKLVH[DPSOH

6DPSOH3UREOHP

 0D[LPXPDOORZDEOHLQYHQWRU\LQVRLOIRUDP×PK\GURFDUERQVSLOOFRQWDLQLQJ
EHQ]HQH7KHRSWLRQDOORVVUDWHFRQVWDQWλRZDVXVHGWRPRGHOYRODWLOL]DWLRQORVVHVIURPWKH
VRXUFHYROXPH9RODWLOL]DWLRQORVVHVIURPJURXQGZDWHUZHUHQRWDFFRXQWHGIRU7KH
YRODWLOL]DWLRQUDWHFRQVWDQW\±DQGWKHGHJUDGDWLRQKDOIOLIH\HDUVZHUHFDOFXODWHG
XVLQJDPHWKRGRORJ\DQGGDWDREWDLQHGLQhQO0D[LPXPDOORZDEOHLQYHQWRULHVLQVRLO
ZHUHEDVHGRQWKHFDUFLQRJHQLFULVNDVVRFLDWHGZLWKEHQ]HQHH[SRVXUH6RUSWLRQFRHIILFLHQWV
ZHUHEDVHGRQD.RFYDOXHRIP/J±DQGDIRFRI

 5()(5(1&(6

'2(86'HSDUWPHQWRI(QHUJ\7UDFN6LWHV*XLGDQFHIRU$VVHVVLQJ/RZ3UREDELOLW\
+D]DUG6LWHVDW,1(/'2(,'5HYLVLRQ-XO\

6FKDXP-5LVN$QDO\VLVRI7&''&RQWDPLQDWHG6RLO2IILFHRI5HVHDUFKDQG
'HYHORSPHQW86(QYLURQPHQWDO3URWHFWLRQ$JHQF\:DVKLQJWRQ'&3%

hQO.0:.HPEORZVNL-&3DUNHU'6WHYHQW3.&KRQJDQG,.DPLO$
6FUHHQLQJ0RGHOIRU(IIHFWVRI/DQG'LVSRVHG:DVWHVRQ*URXQGZDWHU4XDOLW\
-RXUQDORI&RQWDPLQDQW+\GURORJ\

GWSCREEN.CTR File
GWSCREEN Version 2.5 - Test Problems (Card 1)
 $
test.out (Card 2)
14 (Card 3)
PB-1.PAR 0 0 (Card 4) file nsim seed
PB-2.PAR 0 0
PB-3A.PAR 0 0
PB-3B.PAR 0 0
PB-4A.PAR 0 0
PB-4B.PAR 0 0
PB-5.PAR 0 0
PB-6A.PAR 0 0
PB-6B.PAR 0 0
PB-7A.PAR 0 0
PB-7B.PAR 0 0
PB-7C.PAR 0 0
PB-8.PAR 0 0
PB-9.PAR 0 0
GWSCREEN Input Files
PB-1.PAR
Example Problem #1 Pu-239 for GWSCREEN Ver 2.5 (Card 1)
3 1 0 1 1 (Card 2) imode,itype,idisp,kflag idil
1 1 1 1 1 (Card 3) imodel,isolve,isolveu,imoist,imoistu
6 12 0.001 (Card 4) jstart jmax eps
70. 2.555E+04 2.0 350. 1. 1.0 (Card 5) bw,at,wi,ef,ed,dlim
0. 0. (Card 6) x0,y0
50. 50. 1.0 (Card 7) l,w,perc
2.5 1.5 (Card 8b) thicks,rhos
0.35 (Card 8c) thetas
50. 1.9 0 (Card 9) depth,rhou,axu
0.090 (Card 9a) thetau
1.0e-3 5.0e-4 5.0e-4 76. 15. (Card 10) ax,ay,az,b,z
57. 0.1 1.9 (Card 11) u,phi,rhoa
1 (Card 12a nrecept
0. 0. (Card 12b) xrec(i) yrec(i)
1 (Card 14) ncontam
1 22. 22. 239. 1.0 1.0 1.0e6 0.0 (Card 14a) nprog kds kdu zmw q0 rmi sl other
Pu-239 2.41E4 22. 1.5E-09 (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
U-235 7.04E8 6. 3.7E-10 (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
PB-2.PAR
Example Problem #2 Sr-90 limit based on 1.44 pCi/L for GWSCREEN Ver 2.5 (Card 1)
3 1 0 1 1 (Card 2) imode,itype,idisp,kflag idil
1 1 1 1 1 (Card 3) imodel,isolve,isolveu,imoist,imoistu
6 12 0.001 (Card 4) jstart jmax eps
70. 2.555E+04 2.0 350. 30. 1.0 (Card 5) bw,at,wi,ef,ed,dlim
0. 0. (Card 6) x0,y0
25. 25. 1.0 (Card 7) l,w,perc
1.0 1.5 (Card 8b) thicks,rhos
0.35 (Card 8c) thetas
5. 1.9 0 (Card 9) depth,rhou,axu
0.090 (Card 9a) thetau
1.0e-3 5.0e-4 5.0e-4 76. 15. (Card 10) ax,ay,az,b,z
57. 0.1 2.0 (Card 11) u,phi,rhoa
1 (Card 12a nrecept
0. 0. (Card 12b) xrec(i) yrec(i)
1 (Card 14) ncontam
0 24. 24. 90. 1.0 1.0 1.0e6 0.0 (Card 14a) nprog kds kdu zmw q0 rmi sl other
Sr-90 2.85E1 24. 1.44E-9 (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
PB-3A.PAR
Example Problem #3a Hg (Hg2CO3) 30 year chronic exposure GWSCREEN Ver 2.5 (Card 1)
6 1 0 1 1 (Card 2) imode,itype,idisp,kflag idil
1 1 1 1 1 (Card 3) imodel,isolve,isolveu,imoist,imoistu
6 12 0.001 (Card 4) jstart jmax eps
70. 2.555E+04 2.0 350. 30. 1.0 (Card 5) bw,at,wi,ef,ed,dlim
0. 0. (Card 6) x0,y0
25. 25. 1.0 (Card 7) l,w,perc
1.0 1.5 (Card 8b) thicks,rhos
0.40 (Card 8c) thetas
50. 1.9 0. (Card 9) depth,rhou,axu
0.40 (Card 9a) thetau
9.0 4.0 5.0e-4 76. 15. (Card 10) ax,ay,az,b,z
57. 0.1 1.9 (Card 11) u,phi,rhoa
 $
1 (Card 12a nrecept
12.5 0. (Card 12b) xrec(i) yrec(i)
1 (Card 14) ncontam
0 100. 100. 461. 2.81E8 1.0 4.5e-2 0. (Card 14a) nprog kds kdu zmw q0 rmi sl other
Hg2CO3 1.0E9 100. 3.0E-4 (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
PB-3B.PAR
Example Problem #3b Hg (Hg2CO3) 30 year chronic exposure GWSCREEN Ver 2.5 (Card 1)
6 1 0 2 1 (Card 2) imode,itype,idisp,kflag idil
1 1 1 1 1 (Card 3) imodel,isolve,isolveu,imoist,imoistu
6 12 0.001 (Card 4) jstart jmax eps
70. 2.555E+04 2.0 350. 30. 1.0 (Card 5) bw,at,wi,ef,ed,dlim
0. 0. (Card 6) x0,y0
25. 25. 1.0 (Card 7) l,w,perc
1.0 1.5 (Card 8b) thicks,rhos
0.40 (Card 8c) thetas
50. 1.9 0. (Card 9) depth,rhou,axu
0.40 (Card 9a) thetau
9.0 4.0 5.0e-4 76. 15. (Card 10) ax,ay,az,b,z
57. 0.1 1.9 (Card 11) u,phi,rhoa
1 (Card 12a nrecept
12.5 0. (Card 12b) xrec(i) yrec(i)
1 (Card 13a) ntimes
19000. 1.952e4 10. (Card 13b) t1(i) t2(i) tp(i)
1 (Card 14) ncontam
0 100. 100. 461. 2.81E8 1.0 4.5e-2 0. (Card 14a) nprog kds kdu zmw q0 rmi sl other
Hg2CO3 1.0E9 100. 3.0E-4 (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
PB-4A.PAR
Example Problem #4a TCDD dioxin storage at Biloxi GWSCREEN Ver 2.5 (Card 1)
5 1 0 1 1 (Card 2) imode,itype,idisp,kflag idil
1 1 1 1 1 (Card 3)
imodel,isolve,isolveu,imoist,imoistu
6 12 0.001 (Card 4) jstart jmax eps
70. 2.555E+04 2.0 350. 30. 1.0E-6 (Card 5) bw,at,wi,ef,ed,dlim
0. 0. (Card 6) x0,y0
250. 250. 0.58 (Card 7) l,w,perc
0.61 2.0 (Card 8b) thicks,rhos
0.125 (Card 8c) thetas
1. 2.0 0 (Card 9) depth,rhou,axu
0.125 (Card 9a) thetau
30.9 9.0 5.0e-4 5. 5. (Card 10) ax,ay,az,b,z
12.65 0.25 2.0 (Card 11) u,phi,rhoa
2 (Card 12a nrecept
152. 0. (Card 12b) xrec(i) yrec(i)
3000. 0.
1 (Card 14) ncontam
0 1650. 1650. 322. 7.6e4 1.0 2.0e-4 0.00693 (Card 14a) nprog kds kdu zmw q0 rmi sl other
TCDD 1.E9 1650. 1.5E+5 (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
PB-4B.PAR
Example Problem #4B TCDD at Biloxi GWSCREEN Ver 2.5 25 m vert avg source (Card 1)
5 3 0 1 1 (Card 2) imode,itype,idisp,kflag idil
1 1 1 1 1 (Card 3)
imodel,isolve,isolveu,imoist,imoistu
6 12 0.001 (Card 4) jstart jmax eps
70. 2.555E+04 2.0 350. 30. 1.0E-6 (Card 5) bw,at,wi,ef,ed,dlim
0. 0. (Card 6) x0,y0
250. 250. 0.58 (Card 7) l,w,perc
0.61 2.0 (Card 8b) thicks,rhos
0.125 (Card 8c) thetas
1. 2.0 0 (Card 9) depth,rhou,axu
0.125 (Card 9a) thetau
30.9 9.0 9.0 25. 5. (Card 10) ax,ay,az,b,z
12.65 0.25 2.0 (Card 11) u,phi,rhoa
1 (Card 12a nrecept
152. 0. (Card 12b) xrec(i) yrec(i)
1 (Card 14) ncontam
0 1650. 1650. 322. 7.6e4 1.0 2.0e-4 0.00693 (Card 14a) nprog kds kdu zmw q0 rmi sl other
TCDD 1.E9 1650. 1.5E+5 (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
PB-5.PAR
Example Problem #5 Ra-226 limiting soil conc Including Pb-210 GWSCREEN Ver 2.5 (Card 1)
 $
3 1 0 1 1 (Card 2) imode,itype,idisp,kflag idil
1 1 1 1 1 (Card 3) imodel,isolve,isolveu,imoist,imoistu
6 12 0.001 (Card 4) jstart jmax eps
70. 2.555E+04 2.0 350. 1. 1.00 (Card 5) bw,at,wi,ef,ed,dlim
0. 0. (Card 6) x0,y0
100. 100. 0.1 (Card 7) l,w,perc
5.0 1.8 (Card 8b) thicks,rhos
0.10 (Card 8c) thetas
25. 2.0 0 (Card 9) depth,rhou,axu
0.15 (Card 9a) thetau
1.0e+1 1.0 5.0e-4 5. 5. (Card 10) ax,ay,az,b,z
90. 0.3 2.0 (Card 11) u,phi,rhoa
1 (Card 12a nrecept
50. 0. (Card 12b) xrec(i) yrec(i)
1 (Card 14) ncontam
1 100. 10. 226. 9.0 1.0 1.0 0.0 (Card 14a) nprog kds kdu zmw q0 rmi sl other
Ra-226 1600. 10. 2.00E-08 (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
Pb-210 22.3 20. 1.0E-09 (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
PB-6A.PAR
Example Problem #6a Ni-59 Solubility Limited Release GWSCREEN Ver 2.5 (Card 1)
1 1 0 1 1 (Card 2) imode,itype,idisp,kflag idil
1 1 1 1 1 (Card 3) imodel,isolve,isolveu,imoist,imoistu
6 12 0.001 (Card 4) jstart jmax eps
70. 2.555E+04 2.0 350. 1. 4.0E-3 (Card 5) bw,at,wi,ef,ed,dlim
0. 0. (Card 6) x0,y0
100. 100. 0.1 (Card 7) l,w,perc
5.0 1.8 (Card 8b) thicks,rhos
0.10 (Card 8c) thetas
0.5 2.0 0 (Card 9) depth,rhou,axu
0.150 (Card 9a) thetau
1.0e+1 1.0e-0 5.0e-4 5. 5.0 (Card 10) ax,ay,az,b,z
90. 0.3 2.0 (Card 11) u,phi,rhoa
1 (Card 12a nrecept
50. 0. (Card 12b) xrec(i) yrec(i)
1 (Card 14) ncontam
0. 0.2 8.0 59. 1000. 1.0 3.6e-3 0.0 (Card 14a) nprog kds kdu zmw q0 rmi sl other
Ni-59 7.5E4 10. 200. (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
PB-6B.PAR
Example Problem #6B Ni-59 Solubility Limited Release GWSCREEN Ver 2.5 (Card 1)
1 1 0 2 1 (Card 2) imode,itype,idisp,kflag idil
1 1 1 1 1 (Card 3) imodel,isolve,isolveu,imoist,imoistu
6 12 0.001 (Card 4) jstart jmax eps
70. 2.555E+04 2.0 350. 1. 4.0E-3 (Card 5) bw,at,wi,ef,ed,dlim
0. 0. (Card 6) x0,y0
100. 100. 0.1 (Card 7) l,w,perc
5.0 1.8 (Card 8b) thicks,rhos
0.10 (Card 8c) thetas
0.5 2.0 0 (Card 9) depth,rhou,axu
0.150 (Card 9a) thetau
1.0e+1 1.0e-0 5.0e-4 5. 5.0 (Card 10) ax,ay,az,b,z
90. 0.3 2.0 (Card 11) u,phi,rhoa
1 (Card 12a nrecept
50. 0. (Card 12b) xrec(i) yrec(i)
5 (Card 13a) ntimes
100. 130. 3. (Card 13b) t1(i) t2(i) tp(i)
130. 160. 3. (Card 13b) t1(i) t2(i) tp(i)
160. 190. 3. (Card 13b) t1(i) t2(i) tp(i)
210. 3000. 200. (Card 13b) t1(i) t2(i) tp(i)
3075. 5000. 75. (Card 13b) t1(i) t2(i) tp(i)
1 (Card 14) ncontam
0. 0.2 8.0 59. 1000. 1.0 3.6e-3 0.0 (Card 14a) nprog kds kdu zmw q0 rmi sl other
Ni-59 7.5E4 10. 200. (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
PB-7A.PAR
Example Problem #7a Sr-90 Release to a Pond GWSCREEN Ver 2.5 (Card 1)
1 1 0 1 1 (Card 2) imode,itype,idisp,kflag idil
2 2 1 1 1 (Card 3) imodel,isolve,isolveu,imoist,imoistu
6 12 0.001 (Card 4) jstart jmax eps
70. 2.555E+04 2.0 350. 1. 4.0E-3 (Card 5) bw,at,wi,ef,ed,dlim
0. 0. (Card 6) x0,y0
20. 20. 0.2 (Card 7) l,w,perc
30. 4000. 0.0 0.4 (Card 8a) toper, pndflx,evap,thetap
0.5 1.5 (Card 8b) thicks,rhos
 $
0.36 (Card 8c) thetas
5.0e-5 1.9 0 (Card 9) depth,rhou,axu
0.120 (Card 9a) thetau
9.0e+0 4.0e-0 5.0e-4 15. 15. (Card 10) ax,ay,az,b,z
57. 0.1 1.9 (Card 11) u,phi,rhoa
1 (Card 12a nrecept
100. 0. (Card 12b) xrec(i) yrec(i)
1 (Card 14) ncontam
0. 24. 24.0 90. 0. 100. 1.0 0.0 (Card 14a) nprog kds kdu zmw q0 rmi sl other
Sr-90 28.5 22. 1.3e5 (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
PB-7B.PAR
Example Problem #7a Sr-90 Release to a Pond GWSCREEN Ver 2.5 (Card 1)
1 1 0 2 1 (Card 2) imode,itype,idisp,kflag idil
3 2 1 1 1 (Card 3) imodel,isolve,isolveu,imoist,imoistu
6 12 0.001 (Card 4) jstart jmax eps
70. 2.555E+04 2.0 350. 1. 4.0E-3 (Card 5) bw,at,wi,ef,ed,dlim
0. 0. (Card 6) x0,y0
20. 20. 0.2 (Card 7) l,w,perc
5.0e-5 1.9 0 (Card 9) depth,rhou,axu
0.120 (Card 9a) thetau
9.0e+0 4.0e-0 5.0e-4 15. 15. (Card 10) ax,ay,az,b,z
57. 0.1 1.9 (Card 11) u,phi,rhoa
1 (Card 12a nrecept
100. 0. (Card 12b) xrec(i) yrec(i)
3 (Card 13a) ntimes
0.0 30.0 2.0 (Card 13b) t1(i) t2(i) tp(i)
32. 62.0 2.0 (Card 13b) t1(i) t2(i) tp(i)
64. 94.0 1.0 (Card 13b) t1(i) t2(i) tp(i)
1 (Card 14) ncontam
0. 24. 24.0 90. 0. 1.0 1.0 0.0 (Card 14a) nprog kds kdu zmw q0 rmi sl other
Sr-90 28.5 22. 1.3e5 (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
pb-7.rel (Card 14c) relfile
PB-7.REL
year flux (Ci/y) Pb-7.rel
0.0000E+00 0.0000E+00
1.0000E+00 4.1808E+01
2.0000E+00 6.5364E+01
3.0000E+00 7.8636E+01
4.0000E+00 8.6113E+01
5.0000E+00 9.0325E+01
6.0000E+00 9.2699E+01
7.0000E+00 9.4036E+01
8.0000E+00 9.4789E+01
9.0000E+00 9.5213E+01
1.0000E+01 9.5453E+01
1.1000E+01 9.5587E+01
1.2000E+01 9.5663E+01
1.3000E+01 9.5706E+01
1.4000E+01 9.5730E+01
1.5000E+01 9.5744E+01
1.6000E+01 9.5751E+01
1.7000E+01 9.5756E+01
1.8000E+01 9.5758E+01
1.9000E+01 9.5759E+01
2.0000E+01 9.5760E+01
2.1000E+01 9.5761E+01
2.2000E+01 9.5761E+01
2.3000E+01 9.5761E+01
2.4000E+01 9.5761E+01
2.5000E+01 9.5761E+01
2.6000E+01 9.5761E+01
2.7000E+01 9.5761E+01
2.8000E+01 9.5761E+01
2.9000E+01 9.5761E+01
3.0000E+01 9.5761E+01
3.2000E+01 1.7866E+00
3.3000E+01 1.7246E+00
3.4000E+01 1.6647E+00
3.5000E+01 1.6069E+00
3.6000E+01 1.5512E+00
3.7000E+01 1.4973E+00
3.8000E+01 1.4454E+00
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3.9000E+01 1.3952E+00
4.0000E+01 1.3468E+00
4.1000E+01 1.3000E+00
4.2000E+01 1.2549E+00
4.3000E+01 1.2114E+00
4.4000E+01 1.1693E+00
4.5000E+01 1.1287E+00
4.6000E+01 1.0896E+00
4.7000E+01 1.0518E+00
4.8000E+01 1.0153E+00
4.9000E+01 9.8002E-01
5.0000E+01 9.4601E-01
5.1000E+01 9.1317E-01
5.2000E+01 8.8148E-01
5.3000E+01 8.5089E-01
5.4000E+01 8.2136E-01
5.5000E+01 7.9285E-01
5.6000E+01 7.6534E-01
5.7000E+01 7.3878E-01
5.8000E+01 7.1314E-01
5.9000E+01 6.8839E-01
6.0000E+01 6.6450E-01
6.1000E+01 6.4143E-01
6.2000E+01 6.1917E-01
6.4000E+01 5.7694E-01
6.6000E+01 5.3759E-01
6.8000E+01 5.0092E-01
7.0000E+01 4.6676E-01
7.2000E+01 4.3492E-01
7.4000E+01 4.0526E-01
7.6000E+01 3.7762E-01
7.8000E+01 3.5186E-01
8.0000E+01 3.2786E-01
8.2000E+01 3.0550E-01
8.4000E+01 2.8466E-01
8.6000E+01 2.6525E-01
8.8000E+01 2.4715E-01
9.0000E+01 2.3030E-01
9.2000E+01 2.1459E-01
9.4000E+01 1.9995E-01
PB-7C.PAR
Example Problem #7c Sr-90 Release to a Pond 3D Vert Avg sol GWSCREEN Ver 2.5 (Card 1)
2 3 0 1 1 (Card 2) imode,itype,idisp,kflag idil
2 2 1 1 1 (Card 3) imodel,isolve,isolveu,imoist,imoistu
6 12 0.01 (Card 4) jstart jmax eps
70. 2.555E+04 2.0 365. 30. 1.0E-6 (Card 5) bw,at,wi,ef,ed,dlim
0. 0. (Card 6) x0,y0
20. 20. 0.2 (Card 7) l,w,perc
30. 4000. 0.0 0.4 (Card 8a) toper, pndflx,evap,thetap
0.5 1.5 (Card 8b) thicks,rhos
0.36 (Card 8c) thetas
5.0e-5 1.9 0 (Card 9) depth,rhou,axu
0.120 (Card 9a) thetau
9.0e+0 4.0e-0 4.0e-0 15. 14.999 (Card 10) ax,ay,az,b,z
57. 0.1 1.9 (Card 11) u,phi,rhoa
1 (Card 12a nrecept
100. 0. (Card 12b) xrec(i) yrec(i)
1 (Card 14) ncontam
0. 24. 24.0 90. 0. 100. 1.0 0.0 (Card 14a) nprog kds kdu zmw q0 rmi sl other
Sr-90 28.5 22. 36. (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
PB-8.PAR
Example Problem #8 Pu-241, Am-241 & Np-237 Carcin Risk GWSCREEN Ver 2.5 (Card 1)
2 1 0 1 1 (Card 2) imode,itype,idisp,kflag idil
1 1 1 1 1 (Card 3) imodel,isolve,isolveu,imoist,imoistu
6 12 0.001 (Card 4) jstart jmax eps
70. 2.555E+04 2.0 350. 30. 1.0E-6 (Card 5) bw,at,wi,ef,ed,dlim
0. 0. (Card 6) x0,y0
70. 30. 1.0 (Card 7) l,w,perc
2.0 1.5 (Card 8b) thicks,rhos
0.35 (Card 8c) thetas
6. 1.9 0 (Card 9) depth,rhou,axu
0.090 (Card 9a) thetau
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9.0 4.0 5.0e-4 76. 15. (Card 10) ax,ay,az,b,z
57. 0.1 1.9 (Card 11) u,phi,rhoa
1 (Card 12a nrecept
135. 0. (Card 12b) xrec(i) yrec(i)
1 (Card 14) ncontam
2. 22. 22. 241. 10.0 1.0 7.11e6 0.0 (Card 14a) nprog kds kdu zmw q0 rmi sl other
Pu-241 1.44E1 22. 4.8 (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
Am-241 432.2 340. 310. (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
Np-237 2.10E6 5. 270 (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
PB-9.PAR
Example Problem #9 Hydrocarbon Benzene Spill with Vapor Loss GWSCREEN Ver 2.5 (Card 1)
5 1 0 1 1 (Card 2) imode,itype,idisp,kflag idil
1 1 1 1 1 (Card 3) imodel,isolve,isolveu,imoist,imoistu
6 12 0.001 (Card 4) jstart jmax eps
70. 2.555E+04 2.0 350. 30. 1.0E-6 (Card 5) bw,at,wi,ef,ed,dlim
0. 0. (Card 6) x0,y0
15. 25. 0.1 (Card 7) l,w,perc
2.0 1.5 (Card 8b) thicks,rhos
0.30 (Card 8c) thetas
0.1 1.9 0 (Card 9) depth,rhou,axu
0.090 (Card 9a) thetau
9.0 4.0 5.0e-4 76. 15. (Card 10) ax,ay,az,b,z
57. 0.1 1.9 (Card 11) u,phi,rhoa
1 (Card 12a nrecept
25. 0. (Card 12b) xrec(i) yrec(i)
1 (Card 14) ncontam
0 0.25 0.25 78.1 5.62e8 1.0 1.78e3 1.13e-2 (Card 14a) nprog kds kdu zmw q0 rmi sl other
Benzene 0.95 0.25 5.2e-2 (Card 14b) cname(i),thalf(i),kda(i),dcf(i)
GWSCREEN Output File
GWSCREEN Version 2.5 - Test Problems (Card 1)
TIME OF RUN: 16:53:13.89 DATE OF RUN: 08/13/98
***************************************************
* *
* This output was produced by the model: *
* *
* GWSCREEN *
* Version 2.5 *
* A semi-analytical model for the assessment *
* of the groundwater pathway from the leaching *
* of surficial and buried contamination and *
* release of contaminants from percolation ponds *
* 08/13/98 *
* Arthur S. Rood *
* Idaho National Engineering and Environmental *
* Laboratory, Lockheed Martin Idaho Technologies *
* Company, Integrated Earth Sciences Unit *
* PO Box 1625 *
* Idaho Falls, Idaho 83415 *
***************************************************
============================================================================
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===========================================================================
OUTPUT FILE NAME: test.out
INPUT FILE NAME: PB-1.PAR
Title: Example Problem #1 Pu-239 for GWSCREEN Ver 2.5 (Card 1)
-----------------------------------------------------------------------------
Model Run Options
-----------------------------------------------------------------------------
IMODE Contaminant Type and Impacts: 3
ITYPE (1) Vert Avg (2) 3D Point (3) 3d Avg: 1
IDISP (0) Fixed Dispersivity (1-3) Spatially Varying: 0
KFLAG (1) Max Conc (2) Conc vs Time (3) Grid Output: 1
IDIL (1) No dilution factor (2) Include Dilution Factor: 1
IMOIST Source Moisture Content Option: 1
IMOISTU Unsaturated Moisture Content Option: 1
IMODEL (1) Surface/Burried Src (2) Pond (3) Usr Def: 1
ISOLVE (1) Gaussian Quarature (2) Simpsons Rule: (Aquifer) 1
ISOLVEU (1) Gaussian Quarature (2) Simpsons Rule: (Unsat Zone) 1
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Health Effects: Ratio of groundwater concentration to radionuclide MCL
Output mass/activity units: Ci
Output concentration units: Ci/m**3
Dose/Risk Conversion Units: Ci/m**3
Output health effects units: Ratio of Cp/Cmcl
Cp = Peak groundwater concentration, Cmcl = Maximum contaminant limit
-----------------------------------------------------------------------------
Exposure Parameters
-----------------------------------------------------------------------------
Body Mass (kg): 70. Averaging Time (days): 25550.
Water Ingestion (L/d): 2.000E+00 Exposure Freq (day/year): 3.500E+02
Exposure Duration (y): 1.000E+00 Limiting Dose: 1.000E+00
-----------------------------------------------------------------------------
Site Parameters
-----------------------------------------------------------------------------
X Coordinate: 0.000E+00 Y Coordinate: 0.000E+00
Source Length (m): 5.000E+01 Source Width (m): 5.000E+01
Percolation Rate (m/y): 1.000E+00
Source Thickness (m): 2.500E+00 Src Bulk Density (g/cc): 1.500E+00
Source Moisture Content: 3.500E-01
-----------------------------------------------------------------------------
Unsaturated Zone Parameters
-----------------------------------------------------------------------------
Unsat Zone Thickness (m): 5.000E+01 Unsat Bulk Density: 1.900E+00
Unsat Dispersivity (m): 0.000E+00 Unsat Moisture Content: 9.000E-02
-----------------------------------------------------------------------------
Aquifer Zone Parameters
-----------------------------------------------------------------------------
Longitudinal Disp (m): 1.000E-03 Transverse Disp (m): 5.000E-04
Aquifer Thickness (m): 7.600E+01 Well Screen Thickness (m): 1.500E+01
Darcy Velocity (m/y): 5.700E+01 Aquifer Porosity: 1.000E-01
Bulk Density (g/cc): 1.900E+00
-----------------------------------------------------------------------------
Calculated Flow Parameters
-----------------------------------------------------------------------------
Percolation Water Flux (m3/y): 2.5000E+03
Unsat Pore Velocity (m/y): 1.1111E+01
Aquifer Pore Velocity (m/y): 5.7000E+02
Longitudinal Disp (m**2/y): 5.7000E-01
Transverse Disp (m**2/y): 2.8500E-01
-----------------------------------------------------------------------------
Contaminant Data
-----------------------------------------------------------------------------
Contaminant Name: Pu-239
Number of Progeny: 1
Progeny Names: U-235
Half Life (y): 2.410E+04 7.040E+08
Other Source Loss Rate (1/y): 0.000E+00
Kd Source (ml/g): 2.200E+01
Solubility Limit (mg/L): 1.000E+06
Molecular Weight (mg/L): 2.390E+02
Initial mass/activity: 1.000E+00
Kd Unsat (ml/g): 2.200E+01
Kd Aquifer (ml/g): 2.200E+01 6.000E+00
Risk/Dose Conversion Factor 1.500E-09 3.700E-10
-----------------------------------------------------------------------------
Calculated Contaminant Values
-----------------------------------------------------------------------------
Decay Constants (1/y): 2.8761E-05 9.8458E-10
Leach Rate Constant (1/y): 1.1994E-02
Solubility Limited Mass (mg): 2.0844E+14
Solubility Limited Act (Ci): 1.2948E+10
Unsat Retardation Factor: 4.6544E+02
Mean Unsat Transit Time (y): 2.0945E+03
Aquifer Retardation Factor: 4.190E+02 1.150E+02
Minimum Peak Window Time (y): 2.0945E+03
Maximum Peak Window Time (y): 4.1897E+03
-----------------------------------------------------------------------------
Results for Receptor X = 0.00000E+00 Y = 0.00000E+00
-----------------------------------------------------------------------------
Peak Concentration (Ci/m**3): 1.177E-07 9.198E-13
Time of Peak (y): 2.1128E+03
Maximum Dose: 7.847E+01 2.486E-03
Total Dose (all members): 7.848E+01
Maximum Allowable Inventory (Ci): 1.274E-02
Execution Time (Seconds): 0
INPUT FILE NAME: PB-2.PAR
Title: Example Problem #2 Sr-90 limit based on 1.44 pCi/L for GWSCREEN Ver 2.5 (Card 1
-----------------------------------------------------------------------------
Model Run Options
-----------------------------------------------------------------------------
IMODE Contaminant Type and Impacts: 3
ITYPE (1) Vert Avg (2) 3D Point (3) 3d Avg: 1
IDISP (0) Fixed Dispersivity (1-3) Spatially Varying: 0
KFLAG (1) Max Conc (2) Conc vs Time (3) Grid Output: 1
IDIL (1) No dilution factor (2) Include Dilution Factor: 1
IMOIST Source Moisture Content Option: 1
IMOISTU Unsaturated Moisture Content Option: 1
IMODEL (1) Surface/Burried Src (2) Pond (3) Usr Def: 1
ISOLVE (1) Gaussian Quarature (2) Simpsons Rule: (Aquifer) 1
ISOLVEU (1) Gaussian Quarature (2) Simpsons Rule: (Unsat Zone) 1
Health Effects: Ratio of groundwater concentration to radionuclide MCL
Output mass/activity units: Ci
Output concentration units: Ci/m**3
Dose/Risk Conversion Units: Ci/m**3
Output health effects units: Ratio of Cp/Cmcl
Cp = Peak groundwater concentration, Cmcl = Maximum contaminant limit
-----------------------------------------------------------------------------
Exposure Parameters
-----------------------------------------------------------------------------
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Body Mass (kg): 70. Averaging Time (days): 25550.
Water Ingestion (L/d): 2.000E+00 Exposure Freq (day/year): 3.500E+02
Exposure Duration (y): 3.000E+01 Limiting Dose: 1.000E+00
-----------------------------------------------------------------------------
Site Parameters
-----------------------------------------------------------------------------
X Coordinate: 0.000E+00 Y Coordinate: 0.000E+00
Source Length (m): 2.500E+01 Source Width (m): 2.500E+01
Percolation Rate (m/y): 1.000E+00
Source Thickness (m): 1.000E+00 Src Bulk Density (g/cc): 1.500E+00
Source Moisture Content: 3.500E-01
-----------------------------------------------------------------------------
Unsaturated Zone Parameters
-----------------------------------------------------------------------------
Unsat Zone Thickness (m): 5.000E+00 Unsat Bulk Density: 1.900E+00
Unsat Dispersivity (m): 0.000E+00 Unsat Moisture Content: 9.000E-02
-----------------------------------------------------------------------------
Aquifer Zone Parameters
-----------------------------------------------------------------------------
Longitudinal Disp (m): 1.000E-03 Transverse Disp (m): 5.000E-04
Aquifer Thickness (m): 7.600E+01 Well Screen Thickness (m): 1.500E+01
Darcy Velocity (m/y): 5.700E+01 Aquifer Porosity: 1.000E-01
Bulk Density (g/cc): 2.000E+00
-----------------------------------------------------------------------------
Calculated Flow Parameters
-----------------------------------------------------------------------------
Percolation Water Flux (m3/y): 6.2500E+02
Unsat Pore Velocity (m/y): 1.1111E+01
Aquifer Pore Velocity (m/y): 5.7000E+02
Longitudinal Disp (m**2/y): 5.7000E-01
Transverse Disp (m**2/y): 2.8500E-01
-----------------------------------------------------------------------------
Contaminant Data
-----------------------------------------------------------------------------
Contaminant Name: Sr-90
Number of Progeny: 0
Half Life (y): 2.850E+01
Other Source Loss Rate (1/y): 0.000E+00
Kd Source (ml/g): 2.400E+01
Solubility Limit (mg/L): 1.000E+06
Molecular Weight (mg/L): 9.000E+01
Initial mass/activity: 1.000E+00
Kd Unsat (ml/g): 2.400E+01
Kd Aquifer (ml/g): 2.400E+01
Risk/Dose Conversion Factor 1.440E-09
-----------------------------------------------------------------------------
Calculated Contaminant Values
-----------------------------------------------------------------------------
Decay Constants (1/y): 2.4321E-02
Leach Rate Constant (1/y): 2.7510E-02
Solubility Limited Mass (mg): 2.2719E+13
Solubility Limited Act (Ci): 3.1690E+12
Unsat Retardation Factor: 5.0767E+02
Mean Unsat Transit Time (y): 2.2845E+02
Aquifer Retardation Factor: 4.810E+02
Minimum Peak Window Time (y): 2.2845E+02
Maximum Peak Window Time (y): 4.5774E+02
-----------------------------------------------------------------------------
Results for Receptor X = 0.00000E+00 Y = 0.00000E+00
-----------------------------------------------------------------------------
Peak Concentration (Ci/m**3): 1.660E-09
Time of Peak (y): 2.3901E+02
Concentrations Averaged Between: 2.2845E+02 and 2.5845E+02 years
Average Concentration (Ci/m**3): 1.021E-09
Maximum Dose: 7.087E-01
Maximum Allowable Inventory (Ci): 1.411E+00
Execution Time (Seconds): 0
INPUT FILE NAME: PB-3A.PAR
Title: Example Problem #3a Hg (Hg2CO3) 30 year chronic exposure GWSCREEN Ver 2.5 (Card
-----------------------------------------------------------------------------
Model Run Options
-----------------------------------------------------------------------------
IMODE Contaminant Type and Impacts: 6
ITYPE (1) Vert Avg (2) 3D Point (3) 3d Avg: 1
IDISP (0) Fixed Dispersivity (1-3) Spatially Varying: 0
KFLAG (1) Max Conc (2) Conc vs Time (3) Grid Output: 1
IDIL (1) No dilution factor (2) Include Dilution Factor: 1
IMOIST Source Moisture Content Option: 1
IMOISTU Unsaturated Moisture Content Option: 1
IMODEL (1) Surface/Burried Src (2) Pond (3) Usr Def: 1
ISOLVE (1) Gaussian Quarature (2) Simpsons Rule: (Aquifer) 1
ISOLVEU (1) Gaussian Quarature (2) Simpsons Rule: (Unsat Zone) 1
Health Effects: Non-carcinogenic effects for non-radiological contaminants
Output mass/activity units: mg
Output concentration units: mg/m**3
Dose/Risk Conversion Units: mg-g/kg
Output health effects units: hazard quotient
-----------------------------------------------------------------------------
Exposure Parameters
-----------------------------------------------------------------------------
Body Mass (kg): 70. Averaging Time (days): 25550.
Water Ingestion (L/d): 2.000E+00 Exposure Freq (day/year): 3.500E+02
Exposure Duration (y): 3.000E+01 Limiting Dose: 1.000E+00
-----------------------------------------------------------------------------
Site Parameters
-----------------------------------------------------------------------------
X Coordinate: 0.000E+00 Y Coordinate: 0.000E+00
Source Length (m): 2.500E+01 Source Width (m): 2.500E+01
Percolation Rate (m/y): 1.000E+00
Source Thickness (m): 1.000E+00 Src Bulk Density (g/cc): 1.500E+00
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Source Moisture Content: 4.000E-01
-----------------------------------------------------------------------------
Unsaturated Zone Parameters
-----------------------------------------------------------------------------
Unsat Zone Thickness (m): 5.000E+01 Unsat Bulk Density: 1.900E+00
Unsat Dispersivity (m): 0.000E+00 Unsat Moisture Content: 4.000E-01
-----------------------------------------------------------------------------
Aquifer Zone Parameters
-----------------------------------------------------------------------------
Longitudinal Disp (m): 9.000E+00 Transverse Disp (m): 4.000E+00
Aquifer Thickness (m): 7.600E+01 Well Screen Thickness (m): 1.500E+01
Darcy Velocity (m/y): 5.700E+01 Aquifer Porosity: 1.000E-01
Bulk Density (g/cc): 1.900E+00
-----------------------------------------------------------------------------
Calculated Flow Parameters
-----------------------------------------------------------------------------
Percolation Water Flux (m3/y): 6.2500E+02
Unsat Pore Velocity (m/y): 2.5000E+00
Aquifer Pore Velocity (m/y): 5.7000E+02
Longitudinal Disp (m**2/y): 5.1300E+03
Transverse Disp (m**2/y): 2.2800E+03
-----------------------------------------------------------------------------
Contaminant Data
-----------------------------------------------------------------------------
Contaminant Name: Hg2CO3
Half Life (y): 1.000E+09
Other Source Loss Rate (1/y): 0.000E+00
Kd Source (ml/g): 1.000E+02
Solubility Limit (mg/L): 4.500E-02
Molecular Weight (mg/L): 4.610E+02
Initial mass/activity: 2.810E+08
Kd Unsat (ml/g): 1.000E+02
Kd Aquifer (ml/g): 1.000E+02
Risk/Dose Conversion Factor 3.000E-04
-----------------------------------------------------------------------------
Calculated Contaminant Values
-----------------------------------------------------------------------------
Decay Constants (1/y): 6.9315E-10
Leach Rate Constant (1/y): 6.6489E-03
Solubility Limited Mass (mg): 4.2300E+06
Solubility Limited Time (y): 9.8407E+03
Unsat Retardation Factor: 4.7600E+02
Mean Unsat Transit Time (y): 9.5200E+03
Aquifer Retardation Factor: 1.901E+03
Minimum Peak Window Time (y): 9.5200E+03
Maximum Peak Window Time (y): 2.8967E+04
-----------------------------------------------------------------------------
Results for Receptor X = 1.25000E+01 Y = 0.00000E+00
-----------------------------------------------------------------------------
Peak Concentration (mg/m**3): 8.872E-01
Time of Peak (y): 1.1887E+04
Concentrations Averaged Between: 1.1872E+04 and 1.1902E+04 years
Average Concentration (mg/m**3): 8.871E-01
Maximum Dose: 3.472E-02
Maximum Allowable Inventory (mg): 8.093E+09
WARNING: PORE WATER CONCENTRATION OF THE MAXIMUM ALLOWABLE INVENTORY
EXCEEDS THE SOLUBILITY LIMIT OF THE CONTAMINANT
WARNING: THE SOLUBILITY LIMIT OF THE CONTAMINANT WAS EXCEEDED IN THE SOURCE
Execution Time (Seconds): 0
INPUT FILE NAME: PB-3B.PAR
Title: Example Problem #3b Hg (Hg2CO3) 30 year chronic exposure GWSCREEN Ver 2.5 (Card
-----------------------------------------------------------------------------
Model Run Options
-----------------------------------------------------------------------------
IMODE Contaminant Type and Impacts: 6
ITYPE (1) Vert Avg (2) 3D Point (3) 3d Avg: 1
IDISP (0) Fixed Dispersivity (1-3) Spatially Varying: 0
KFLAG (1) Max Conc (2) Conc vs Time (3) Grid Output: 2
IDIL (1) No dilution factor (2) Include Dilution Factor: 1
IMOIST Source Moisture Content Option: 1
IMOISTU Unsaturated Moisture Content Option: 1
IMODEL (1) Surface/Burried Src (2) Pond (3) Usr Def: 1
ISOLVE (1) Gaussian Quarature (2) Simpsons Rule: (Aquifer) 1
ISOLVEU (1) Gaussian Quarature (2) Simpsons Rule: (Unsat Zone) 1
Health Effects: Non-carcinogenic effects for non-radiological contaminants
Output mass/activity units: mg
Output concentration units: mg/m**3
Dose/Risk Conversion Units: mg-g/kg
Output health effects units: hazard quotient
-----------------------------------------------------------------------------
Exposure Parameters
-----------------------------------------------------------------------------
Body Mass (kg): 70. Averaging Time (days): 25550.
Water Ingestion (L/d): 2.000E+00 Exposure Freq (day/year): 3.500E+02
Exposure Duration (y): 3.000E+01 Limiting Dose: 1.000E+00
-----------------------------------------------------------------------------
Site Parameters
-----------------------------------------------------------------------------
X Coordinate: 0.000E+00 Y Coordinate: 0.000E+00
Source Length (m): 2.500E+01 Source Width (m): 2.500E+01
Percolation Rate (m/y): 1.000E+00
Source Thickness (m): 1.000E+00 Src Bulk Density (g/cc): 1.500E+00
Source Moisture Content: 4.000E-01
-----------------------------------------------------------------------------
Unsaturated Zone Parameters
-----------------------------------------------------------------------------
Unsat Zone Thickness (m): 5.000E+01 Unsat Bulk Density: 1.900E+00
Unsat Dispersivity (m): 0.000E+00 Unsat Moisture Content: 4.000E-01
-----------------------------------------------------------------------------
Aquifer Zone Parameters
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-----------------------------------------------------------------------------
Longitudinal Disp (m): 9.000E+00 Transverse Disp (m): 4.000E+00
Aquifer Thickness (m): 7.600E+01 Well Screen Thickness (m): 1.500E+01
Darcy Velocity (m/y): 5.700E+01 Aquifer Porosity: 1.000E-01
Bulk Density (g/cc): 1.900E+00
-----------------------------------------------------------------------------
Calculated Flow Parameters
-----------------------------------------------------------------------------
Percolation Water Flux (m3/y): 6.2500E+02
Unsat Pore Velocity (m/y): 2.5000E+00
Aquifer Pore Velocity (m/y): 5.7000E+02
Longitudinal Disp (m**2/y): 5.1300E+03
Transverse Disp (m**2/y): 2.2800E+03
-----------------------------------------------------------------------------
Contaminant Data
-----------------------------------------------------------------------------
Contaminant Name: Hg2CO3
Half Life (y): 1.000E+09
Other Source Loss Rate (1/y): 0.000E+00
Kd Source (ml/g): 1.000E+02
Solubility Limit (mg/L): 4.500E-02
Molecular Weight (mg/L): 4.610E+02
Initial mass/activity: 2.810E+08
Kd Unsat (ml/g): 1.000E+02
Kd Aquifer (ml/g): 1.000E+02
Risk/Dose Conversion Factor 3.000E-04
-----------------------------------------------------------------------------
Calculated Contaminant Values
-----------------------------------------------------------------------------
Decay Constants (1/y): 6.9315E-10
Leach Rate Constant (1/y): 6.6489E-03
Solubility Limited Mass (mg): 4.2300E+06
Solubility Limited Time (y): 9.8407E+03
Unsat Retardation Factor: 4.7600E+02
Mean Unsat Transit Time (y): 9.5200E+03
Aquifer Retardation Factor: 1.901E+03
-----------------------------------------------------------------------------
Concentration vs Time Results for Receptor X = 1.25000E+01 Y = 0.00000E+00
-----------------------------------------------------------------------------
Time Flux Conc Mbr 1
(years) (mg or Ci/y) (mg or Ci per cubic meter)
-----------------------------------------------------------------------------
1.9000E+04 2.812E+04 8.850E-01
1.9010E+04 2.812E+04 8.850E-01
1.9020E+04 2.812E+04 8.850E-01
1.9030E+04 2.812E+04 8.850E-01
1.9040E+04 2.812E+04 8.850E-01
1.9050E+04 2.812E+04 8.850E-01
1.9060E+04 2.812E+04 8.850E-01
1.9070E+04 2.812E+04 8.850E-01
1.9080E+04 2.812E+04 8.850E-01
1.9090E+04 2.812E+04 8.850E-01
1.9100E+04 2.812E+04 8.850E-01
1.9110E+04 2.812E+04 8.850E-01
1.9120E+04 2.812E+04 8.850E-01
1.9130E+04 2.812E+04 8.850E-01
1.9140E+04 2.812E+04 8.850E-01
1.9150E+04 2.812E+04 8.850E-01
1.9160E+04 2.812E+04 8.850E-01
1.9170E+04 2.812E+04 8.850E-01
1.9180E+04 2.812E+04 8.850E-01
1.9190E+04 2.812E+04 8.850E-01
1.9200E+04 2.812E+04 8.850E-01
1.9210E+04 2.812E+04 8.850E-01
1.9220E+04 2.812E+04 8.850E-01
1.9230E+04 2.812E+04 8.850E-01
1.9240E+04 2.812E+04 8.850E-01
1.9250E+04 2.812E+04 8.850E-01
1.9260E+04 2.812E+04 8.850E-01
1.9270E+04 2.812E+04 8.850E-01
1.9280E+04 2.812E+04 8.850E-01
1.9290E+04 2.812E+04 8.850E-01
1.9300E+04 2.812E+04 8.850E-01
1.9310E+04 2.812E+04 8.850E-01
1.9320E+04 2.812E+04 8.850E-01
1.9330E+04 2.812E+04 8.850E-01
1.9340E+04 2.812E+04 8.850E-01
1.9350E+04 2.812E+04 8.850E-01
1.9360E+04 2.812E+04 8.850E-01
1.9370E+04 2.643E+04 8.827E-01
1.9380E+04 2.473E+04 8.704E-01
1.9390E+04 2.314E+04 8.590E-01
1.9400E+04 2.165E+04 8.483E-01
1.9410E+04 2.026E+04 8.163E-01
1.9420E+04 1.896E+04 7.863E-01
1.9430E+04 1.774E+04 7.582E-01
1.9440E+04 1.660E+04 7.319E-01
1.9450E+04 1.553E+04 7.073E-01
1.9460E+04 1.453E+04 6.804E-01
1.9470E+04 1.360E+04 6.454E-01
1.9480E+04 1.272E+04 6.127E-01
1.9490E+04 1.190E+04 5.820E-01
1.9500E+04 1.114E+04 5.534E-01
1.9510E+04 1.042E+04 5.266E-01
Maximum Concentration and Time for Member #1: 8.850E-01 1.900E+04
Average Concentration Between 1.8985E+04 and 1.9015E+04 years: 8.850E-01
Execution Time (Seconds): 0
INPUT FILE NAME: PB-4A.PAR
Title: Example Problem #4a TCDD dioxin storage at Biloxi GWSCREEN Ver 2.5 (Card 1)
-----------------------------------------------------------------------------
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Model Run Options
-----------------------------------------------------------------------------
IMODE Contaminant Type and Impacts: 5
ITYPE (1) Vert Avg (2) 3D Point (3) 3d Avg: 1
IDISP (0) Fixed Dispersivity (1-3) Spatially Varying: 0
KFLAG (1) Max Conc (2) Conc vs Time (3) Grid Output: 1
IDIL (1) No dilution factor (2) Include Dilution Factor: 1
IMOIST Source Moisture Content Option: 1
IMOISTU Unsaturated Moisture Content Option: 1
IMODEL (1) Surface/Burried Src (2) Pond (3) Usr Def: 1
ISOLVE (1) Gaussian Quarature (2) Simpsons Rule: (Aquifer) 1
ISOLVEU (1) Gaussian Quarature (2) Simpsons Rule: (Unsat Zone) 1
Health Effects: Carcinogenic incidence risk for non-radiological contaminants
Output mass/activity units: mg
Output concentration units: mg/m**3
Dose/Risk Conversion Units: kg-d/mg
Output health effects units: carcinogenic risk
-----------------------------------------------------------------------------
Exposure Parameters
-----------------------------------------------------------------------------
Body Mass (kg): 70. Averaging Time (days): 25550.
Water Ingestion (L/d): 2.000E+00 Exposure Freq (day/year): 3.500E+02
Exposure Duration (y): 3.000E+01 Limiting Dose: 1.000E-06
-----------------------------------------------------------------------------
Site Parameters
-----------------------------------------------------------------------------
X Coordinate: 0.000E+00 Y Coordinate: 0.000E+00
Source Length (m): 2.500E+02 Source Width (m): 2.500E+02
Percolation Rate (m/y): 5.800E-01
Source Thickness (m): 6.100E-01 Src Bulk Density (g/cc): 2.000E+00
Source Moisture Content: 1.250E-01
-----------------------------------------------------------------------------
Unsaturated Zone Parameters
-----------------------------------------------------------------------------
Unsat Zone Thickness (m): 1.000E+00 Unsat Bulk Density: 2.000E+00
Unsat Dispersivity (m): 0.000E+00 Unsat Moisture Content: 1.250E-01
-----------------------------------------------------------------------------
Aquifer Zone Parameters
-----------------------------------------------------------------------------
Longitudinal Disp (m): 3.090E+01 Transverse Disp (m): 9.000E+00
Aquifer Thickness (m): 5.000E+00 Well Screen Thickness (m): 5.000E+00
Darcy Velocity (m/y): 1.265E+01 Aquifer Porosity: 2.500E-01
Bulk Density (g/cc): 2.000E+00
-----------------------------------------------------------------------------
Calculated Flow Parameters
-----------------------------------------------------------------------------
Percolation Water Flux (m3/y): 3.6250E+04
Unsat Pore Velocity (m/y): 4.6400E+00
Aquifer Pore Velocity (m/y): 5.0600E+01
Longitudinal Disp (m**2/y): 1.5635E+03
Transverse Disp (m**2/y): 4.5540E+02
-----------------------------------------------------------------------------
Contaminant Data
-----------------------------------------------------------------------------
Contaminant Name: TCDD
Half Life (y): 1.000E+09
Other Source Loss Rate (1/y): 6.930E-03
Kd Source (ml/g): 1.650E+03
Solubility Limit (mg/L): 2.000E-04
Molecular Weight (mg/L): 3.220E+02
Initial mass/activity: 7.600E+04
Kd Unsat (ml/g): 1.650E+03
Kd Aquifer (ml/g): 1.650E+03
Risk/Dose Conversion Factor 1.500E+05
-----------------------------------------------------------------------------
Calculated Contaminant Values
-----------------------------------------------------------------------------
Decay Constants (1/y): 6.9315E-10
Leach Rate Constant (1/y): 2.8812E-04
Solubility Limited Mass (mg): 2.5163E+07
Unsat Retardation Factor: 2.6401E+04
Mean Unsat Transit Time (y): 5.6899E+03
Aquifer Retardation Factor: 1.320E+04
Minimum Peak Window Time (y): 7.0987E+03
Maximum Peak Window Time (y): 9.0951E+04
-----------------------------------------------------------------------------
Results for Receptor X = 1.52000E+02 Y = 0.00000E+00
-----------------------------------------------------------------------------
Peak Concentration (mg/m**3): 2.411E-06
Time of Peak (y): 3.6822E+04
Concentrations Averaged Between: 3.6807E+04 and 3.6837E+04 years
Average Concentration (mg/m**3): 2.411E-06
Maximum Dose: 4.247E-06
Maximum Allowable Inventory (mg): 1.789E+04
Minimum Peak Window Time (y): 1.5570E+05
Maximum Peak Window Time (y): 1.5770E+06
-----------------------------------------------------------------------------
Results for Receptor X = 3.00000E+03 Y = 0.00000E+00
-----------------------------------------------------------------------------
Peak Concentration (mg/m**3): 1.820E-08
Time of Peak (y): 6.9910E+05
Concentrations Averaged Between: 6.9909E+05 and 6.9912E+05 years
Average Concentration (mg/m**3): 1.820E-08
Maximum Dose: 3.205E-08
Maximum Allowable Inventory (mg): 2.371E+06
Execution Time (Seconds): 0
INPUT FILE NAME: PB-4B.PAR
Title: Example Problem #4B TCDD at Biloxi GWSCREEN Ver 2.5 25 m vert avg source (Card
-----------------------------------------------------------------------------
Model Run Options
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-----------------------------------------------------------------------------
IMODE Contaminant Type and Impacts: 5
ITYPE (1) Vert Avg (2) 3D Point (3) 3d Avg: 3
IDISP (0) Fixed Dispersivity (1-3) Spatially Varying: 0
KFLAG (1) Max Conc (2) Conc vs Time (3) Grid Output: 1
IDIL (1) No dilution factor (2) Include Dilution Factor: 1
IMOIST Source Moisture Content Option: 1
IMOISTU Unsaturated Moisture Content Option: 1
IMODEL (1) Surface/Burried Src (2) Pond (3) Usr Def: 1
ISOLVE (1) Gaussian Quarature (2) Simpsons Rule: (Aquifer) 1
ISOLVEU (1) Gaussian Quarature (2) Simpsons Rule: (Unsat Zone) 1
Health Effects: Carcinogenic incidence risk for non-radiological contaminants
Output mass/activity units: mg
Output concentration units: mg/m**3
Dose/Risk Conversion Units: kg-d/mg
Output health effects units: carcinogenic risk
-----------------------------------------------------------------------------
Exposure Parameters
-----------------------------------------------------------------------------
Body Mass (kg): 70. Averaging Time (days): 25550.
Water Ingestion (L/d): 2.000E+00 Exposure Freq (day/year): 3.500E+02
Exposure Duration (y): 3.000E+01 Limiting Dose: 1.000E-06
-----------------------------------------------------------------------------
Site Parameters
-----------------------------------------------------------------------------
X Coordinate: 0.000E+00 Y Coordinate: 0.000E+00
Source Length (m): 2.500E+02 Source Width (m): 2.500E+02
Percolation Rate (m/y): 5.800E-01
Source Thickness (m): 6.100E-01 Src Bulk Density (g/cc): 2.000E+00
Source Moisture Content: 1.250E-01
-----------------------------------------------------------------------------
Unsaturated Zone Parameters
-----------------------------------------------------------------------------
Unsat Zone Thickness (m): 1.000E+00 Unsat Bulk Density: 2.000E+00
Unsat Dispersivity (m): 0.000E+00 Unsat Moisture Content: 1.250E-01
-----------------------------------------------------------------------------
Aquifer Zone Parameters
-----------------------------------------------------------------------------
Longitudinal Disp (m): 3.090E+01 Transverse Disp (m): 9.000E+00
Vertical Dispersivity (m): 9.000E+00
Aquifer Thickness (m): 2.500E+01 Well Screen Thickness (m): 5.000E+00
Darcy Velocity (m/y): 1.265E+01 Aquifer Porosity: 2.500E-01
Bulk Density (g/cc): 2.000E+00
-----------------------------------------------------------------------------
Calculated Flow Parameters
-----------------------------------------------------------------------------
Percolation Water Flux (m3/y): 3.6250E+04
Unsat Pore Velocity (m/y): 4.6400E+00
Aquifer Pore Velocity (m/y): 5.0600E+01
Longitudinal Disp (m**2/y): 1.5635E+03
Transverse Disp (m**2/y): 4.5540E+02
Vertical Disp (m**2/y): 4.5540E+02
-----------------------------------------------------------------------------
Contaminant Data
-----------------------------------------------------------------------------
Contaminant Name: TCDD
Half Life (y): 1.000E+09
Other Source Loss Rate (1/y): 6.930E-03
Kd Source (ml/g): 1.650E+03
Solubility Limit (mg/L): 2.000E-04
Molecular Weight (mg/L): 3.220E+02
Initial mass/activity: 7.600E+04
Kd Unsat (ml/g): 1.650E+03
Kd Aquifer (ml/g): 1.650E+03
Risk/Dose Conversion Factor 1.500E+05
-----------------------------------------------------------------------------
Calculated Contaminant Values
-----------------------------------------------------------------------------
Decay Constants (1/y): 6.9315E-10
Leach Rate Constant (1/y): 2.8812E-04
Solubility Limited Mass (mg): 2.5163E+07
Unsat Retardation Factor: 2.6401E+04
Mean Unsat Transit Time (y): 5.6899E+03
Aquifer Retardation Factor: 1.320E+04
Minimum Peak Window Time (y): 7.0987E+03
Maximum Peak Window Time (y): 9.0951E+04
-----------------------------------------------------------------------------
Results for Receptor X = 1.52000E+02 Y = 0.00000E+00
-----------------------------------------------------------------------------
Peak Concentration (mg/m**3): 4.823E-07
Time of Peak (y): 3.6822E+04
Concentrations Averaged Between: 3.6807E+04 and 3.6837E+04 years
Average Concentration (mg/m**3): 4.823E-07
Maximum Dose: 8.494E-07
Maximum Allowable Inventory (mg): 8.947E+04
Execution Time (Seconds): 0
INPUT FILE NAME: PB-5.PAR
Title: Example Problem #5 Ra-226 limiting soil conc Including Pb-210 GWSCREEN Ver 2.5
-----------------------------------------------------------------------------
Model Run Options
-----------------------------------------------------------------------------
IMODE Contaminant Type and Impacts: 3
ITYPE (1) Vert Avg (2) 3D Point (3) 3d Avg: 1
IDISP (0) Fixed Dispersivity (1-3) Spatially Varying: 0
KFLAG (1) Max Conc (2) Conc vs Time (3) Grid Output: 1
IDIL (1) No dilution factor (2) Include Dilution Factor: 1
IMOIST Source Moisture Content Option: 1
IMOISTU Unsaturated Moisture Content Option: 1
IMODEL (1) Surface/Burried Src (2) Pond (3) Usr Def: 1
ISOLVE (1) Gaussian Quarature (2) Simpsons Rule: (Aquifer) 1
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ISOLVEU (1) Gaussian Quarature (2) Simpsons Rule: (Unsat Zone) 1
Health Effects: Ratio of groundwater concentration to radionuclide MCL
Output mass/activity units: Ci
Output concentration units: Ci/m**3
Dose/Risk Conversion Units: Ci/m**3
Output health effects units: Ratio of Cp/Cmcl
Cp = Peak groundwater concentration, Cmcl = Maximum contaminant limit
-----------------------------------------------------------------------------
Exposure Parameters
-----------------------------------------------------------------------------
Body Mass (kg): 70. Averaging Time (days): 25550.
Water Ingestion (L/d): 2.000E+00 Exposure Freq (day/year): 3.500E+02
Exposure Duration (y): 1.000E+00 Limiting Dose: 1.000E+00
-----------------------------------------------------------------------------
Site Parameters
-----------------------------------------------------------------------------
X Coordinate: 0.000E+00 Y Coordinate: 0.000E+00
Source Length (m): 1.000E+02 Source Width (m): 1.000E+02
Percolation Rate (m/y): 1.000E-01
Source Thickness (m): 5.000E+00 Src Bulk Density (g/cc): 1.800E+00
Source Moisture Content: 1.000E-01
-----------------------------------------------------------------------------
Unsaturated Zone Parameters
-----------------------------------------------------------------------------
Unsat Zone Thickness (m): 2.500E+01 Unsat Bulk Density: 2.000E+00
Unsat Dispersivity (m): 0.000E+00 Unsat Moisture Content: 1.500E-01
-----------------------------------------------------------------------------
Aquifer Zone Parameters
-----------------------------------------------------------------------------
Longitudinal Disp (m): 1.000E+01 Transverse Disp (m): 1.000E+00
Aquifer Thickness (m): 5.000E+00 Well Screen Thickness (m): 5.000E+00
Darcy Velocity (m/y): 9.000E+01 Aquifer Porosity: 3.000E-01
Bulk Density (g/cc): 2.000E+00
-----------------------------------------------------------------------------
Calculated Flow Parameters
-----------------------------------------------------------------------------
Percolation Water Flux (m3/y): 1.0000E+03
Unsat Pore Velocity (m/y): 6.6667E-01
Aquifer Pore Velocity (m/y): 3.0000E+02
Longitudinal Disp (m**2/y): 3.0000E+03
Transverse Disp (m**2/y): 3.0000E+02
-----------------------------------------------------------------------------
Contaminant Data
-----------------------------------------------------------------------------
Contaminant Name: Ra-226
Number of Progeny: 1
Progeny Names: Pb-210
Half Life (y): 1.600E+03 2.230E+01
Other Source Loss Rate (1/y): 0.000E+00
Kd Source (ml/g): 1.000E+02
Solubility Limit (mg/L): 1.000E+00
Molecular Weight (mg/L): 2.260E+02
Initial mass/activity: 9.000E+00
Kd Unsat (ml/g): 1.000E+01
Kd Aquifer (ml/g): 1.000E+01 2.000E+01
Risk/Dose Conversion Factor 2.000E-08 1.000E-09
-----------------------------------------------------------------------------
Calculated Contaminant Values
-----------------------------------------------------------------------------
Decay Constants (1/y): 4.3322E-04 3.1083E-02
Leach Rate Constant (1/y): 1.1105E-04
Solubility Limited Mass (mg): 9.0050E+09
Solubility Limited Act (Ci): 8.9102E+06
Unsat Retardation Factor: 1.3433E+02
Mean Unsat Transit Time (y): 5.0375E+03
Aquifer Retardation Factor: 6.767E+01 1.343E+02
Minimum Peak Window Time (y): 5.0375E+03
Maximum Peak Window Time (y): 1.0098E+04
-----------------------------------------------------------------------------
Results for Receptor X = 5.00000E+01 Y = 0.00000E+00
-----------------------------------------------------------------------------
Peak Concentration (Ci/m**3): 2.415E-09 1.234E-09
Time of Peak (y): 5.0962E+03
Maximum Dose: 1.208E-01 1.234E+00
Total Dose (all members): 1.355E+00
Maximum Allowable Inventory (Ci): 6.644E+00
Execution Time (Seconds): 0
INPUT FILE NAME: PB-6A.PAR
Title: Example Problem #6a Ni-59 Solubility Limited Release GWSCREEN Ver 2.5 (Card 1)
-----------------------------------------------------------------------------
Model Run Options
-----------------------------------------------------------------------------
IMODE Contaminant Type and Impacts: 1
ITYPE (1) Vert Avg (2) 3D Point (3) 3d Avg: 1
IDISP (0) Fixed Dispersivity (1-3) Spatially Varying: 0
KFLAG (1) Max Conc (2) Conc vs Time (3) Grid Output: 1
IDIL (1) No dilution factor (2) Include Dilution Factor: 1
IMOIST Source Moisture Content Option: 1
IMOISTU Unsaturated Moisture Content Option: 1
IMODEL (1) Surface/Burried Src (2) Pond (3) Usr Def: 1
ISOLVE (1) Gaussian Quarature (2) Simpsons Rule: (Aquifer) 1
ISOLVEU (1) Gaussian Quarature (2) Simpsons Rule: (Unsat Zone) 1
Health Effects: Committed effective dose equivalent calculation
Output mass/activity units: Ci
Output concentration units: Ci/m**3
Dose/Risk Conversion Units: rem/Ci
Output health effects units: rem
-----------------------------------------------------------------------------
Exposure Parameters
-----------------------------------------------------------------------------
 $
Body Mass (kg): 70. Averaging Time (days): 25550.
Water Ingestion (L/d): 2.000E+00 Exposure Freq (day/year): 3.500E+02
Exposure Duration (y): 1.000E+00 Limiting Dose: 4.000E-03
-----------------------------------------------------------------------------
Site Parameters
-----------------------------------------------------------------------------
X Coordinate: 0.000E+00 Y Coordinate: 0.000E+00
Source Length (m): 1.000E+02 Source Width (m): 1.000E+02
Percolation Rate (m/y): 1.000E-01
Source Thickness (m): 5.000E+00 Src Bulk Density (g/cc): 1.800E+00
Source Moisture Content: 1.000E-01
-----------------------------------------------------------------------------
Unsaturated Zone Parameters
-----------------------------------------------------------------------------
Unsat Zone Thickness (m): 5.000E-01 Unsat Bulk Density: 2.000E+00
Unsat Dispersivity (m): 0.000E+00 Unsat Moisture Content: 1.500E-01
-----------------------------------------------------------------------------
Aquifer Zone Parameters
-----------------------------------------------------------------------------
Longitudinal Disp (m): 1.000E+01 Transverse Disp (m): 1.000E+00
Aquifer Thickness (m): 5.000E+00 Well Screen Thickness (m): 5.000E+00
Darcy Velocity (m/y): 9.000E+01 Aquifer Porosity: 3.000E-01
Bulk Density (g/cc): 2.000E+00
-----------------------------------------------------------------------------
Calculated Flow Parameters
-----------------------------------------------------------------------------
Percolation Water Flux (m3/y): 1.0000E+03
Unsat Pore Velocity (m/y): 6.6667E-01
Aquifer Pore Velocity (m/y): 3.0000E+02
Longitudinal Disp (m**2/y): 3.0000E+03
Transverse Disp (m**2/y): 3.0000E+02
-----------------------------------------------------------------------------
Contaminant Data
-----------------------------------------------------------------------------
Contaminant Name: Ni-59
Number of Progeny: 0
Half Life (y): 7.500E+04
Other Source Loss Rate (1/y): 0.000E+00
Kd Source (ml/g): 2.000E-01
Solubility Limit (mg/L): 3.600E-03
Molecular Weight (mg/L): 5.900E+01
Initial mass/activity: 1.000E+03
Kd Unsat (ml/g): 8.000E+00
Kd Aquifer (ml/g): 1.000E+01
Risk/Dose Conversion Factor 2.000E+02
-----------------------------------------------------------------------------
Calculated Contaminant Values
-----------------------------------------------------------------------------
Decay Constants (1/y): 9.2420E-06
Leach Rate Constant (1/y): 4.3478E-02
Solubility Limited Mass (mg): 8.2800E+04
Solubility Limited Act (Ci): 6.6949E+00
Solubility Limited Time (y): 3.3590E+03
Unsat Retardation Factor: 1.0767E+02
Mean Unsat Transit Time (y): 8.0750E+01
Aquifer Retardation Factor: 6.767E+01
Minimum Peak Window Time (y): 8.0750E+01
Maximum Peak Window Time (y): 3.5433E+03
-----------------------------------------------------------------------------
Results for Receptor X = 5.00000E+01 Y = 0.00000E+00
-----------------------------------------------------------------------------
Peak Concentration (Ci/m**3): 6.457E-06
Time of Peak (y): 2.7909E+03
Maximum Dose: 9.039E-04
Maximum Allowable Inventory (Ci): 4.425E+03
WARNING: PORE WATER CONCENTRATION OF THE MAXIMUM ALLOWABLE INVENTORY
EXCEEDS THE SOLUBILITY LIMIT OF THE CONTAMINANT
WARNING: THE SOLUBILITY LIMIT OF THE CONTAMINANT WAS EXCEEDED IN THE SOURCE
Execution Time (Seconds): 0
INPUT FILE NAME: PB-6B.PAR
Title: Example Problem #6B Ni-59 Solubility Limited Release GWSCREEN Ver 2.5 (Card 1)
-----------------------------------------------------------------------------
Model Run Options
-----------------------------------------------------------------------------
IMODE Contaminant Type and Impacts: 1
ITYPE (1) Vert Avg (2) 3D Point (3) 3d Avg: 1
IDISP (0) Fixed Dispersivity (1-3) Spatially Varying: 0
KFLAG (1) Max Conc (2) Conc vs Time (3) Grid Output: 2
IDIL (1) No dilution factor (2) Include Dilution Factor: 1
IMOIST Source Moisture Content Option: 1
IMOISTU Unsaturated Moisture Content Option: 1
IMODEL (1) Surface/Burried Src (2) Pond (3) Usr Def: 1
ISOLVE (1) Gaussian Quarature (2) Simpsons Rule: (Aquifer) 1
ISOLVEU (1) Gaussian Quarature (2) Simpsons Rule: (Unsat Zone) 1
Health Effects: Committed effective dose equivalent calculation
Output mass/activity units: Ci
Output concentration units: Ci/m**3
Dose/Risk Conversion Units: rem/Ci
Output health effects units: rem
-----------------------------------------------------------------------------
Exposure Parameters
-----------------------------------------------------------------------------
Body Mass (kg): 70. Averaging Time (days): 25550.
Water Ingestion (L/d): 2.000E+00 Exposure Freq (day/year): 3.500E+02
Exposure Duration (y): 1.000E+00 Limiting Dose: 4.000E-03
-----------------------------------------------------------------------------
Site Parameters
-----------------------------------------------------------------------------
X Coordinate: 0.000E+00 Y Coordinate: 0.000E+00
Source Length (m): 1.000E+02 Source Width (m): 1.000E+02
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Percolation Rate (m/y): 1.000E-01
Source Thickness (m): 5.000E+00 Src Bulk Density (g/cc): 1.800E+00
Source Moisture Content: 1.000E-01
-----------------------------------------------------------------------------
Unsaturated Zone Parameters
-----------------------------------------------------------------------------
Unsat Zone Thickness (m): 5.000E-01 Unsat Bulk Density: 2.000E+00
Unsat Dispersivity (m): 0.000E+00 Unsat Moisture Content: 1.500E-01
-----------------------------------------------------------------------------
Aquifer Zone Parameters
-----------------------------------------------------------------------------
Longitudinal Disp (m): 1.000E+01 Transverse Disp (m): 1.000E+00
Aquifer Thickness (m): 5.000E+00 Well Screen Thickness (m): 5.000E+00
Darcy Velocity (m/y): 9.000E+01 Aquifer Porosity: 3.000E-01
Bulk Density (g/cc): 2.000E+00
-----------------------------------------------------------------------------
Calculated Flow Parameters
-----------------------------------------------------------------------------
Percolation Water Flux (m3/y): 1.0000E+03
Unsat Pore Velocity (m/y): 6.6667E-01
Aquifer Pore Velocity (m/y): 3.0000E+02
Longitudinal Disp (m**2/y): 3.0000E+03
Transverse Disp (m**2/y): 3.0000E+02
-----------------------------------------------------------------------------
Contaminant Data
-----------------------------------------------------------------------------
Contaminant Name: Ni-59
Number of Progeny: 0
Half Life (y): 7.500E+04
Other Source Loss Rate (1/y): 0.000E+00
Kd Source (ml/g): 2.000E-01
Solubility Limit (mg/L): 3.600E-03
Molecular Weight (mg/L): 5.900E+01
Initial mass/activity: 1.000E+03
Kd Unsat (ml/g): 8.000E+00
Kd Aquifer (ml/g): 1.000E+01
Risk/Dose Conversion Factor 2.000E+02
-----------------------------------------------------------------------------
Calculated Contaminant Values
-----------------------------------------------------------------------------
Decay Constants (1/y): 9.2420E-06
Leach Rate Constant (1/y): 4.3478E-02
Solubility Limited Mass (mg): 8.2800E+04
Solubility Limited Act (Ci): 6.6949E+00
Solubility Limited Time (y): 3.3590E+03
Unsat Retardation Factor: 1.0767E+02
Mean Unsat Transit Time (y): 8.0750E+01
Aquifer Retardation Factor: 6.767E+01
-----------------------------------------------------------------------------
Concentration vs Time Results for Receptor X = 5.00000E+01 Y = 0.00000E+00
-----------------------------------------------------------------------------
Time Flux Conc Mbr 1
(years) (mg or Ci/y) (mg or Ci per cubic meter)
-----------------------------------------------------------------------------
1.0000E+02 2.909E-01 4.437E-06
1.0300E+02 2.909E-01 4.917E-06
1.0600E+02 2.909E-01 5.298E-06
1.0900E+02 2.909E-01 5.594E-06
1.1200E+02 2.909E-01 5.820E-06
1.1500E+02 2.909E-01 5.989E-06
1.1800E+02 2.909E-01 6.115E-06
1.2100E+02 2.909E-01 6.209E-06
1.2400E+02 2.909E-01 6.277E-06
1.2700E+02 2.909E-01 6.327E-06
1.3000E+02 2.909E-01 6.363E-06
1.3300E+02 2.909E-01 6.389E-06
1.3600E+02 2.909E-01 6.408E-06
1.3900E+02 2.909E-01 6.421E-06
1.4200E+02 2.909E-01 6.431E-06
1.4500E+02 2.909E-01 6.438E-06
1.4800E+02 2.909E-01 6.443E-06
1.5100E+02 2.909E-01 6.446E-06
1.5400E+02 2.909E-01 6.449E-06
1.5700E+02 2.909E-01 6.451E-06
1.6000E+02 2.909E-01 6.452E-06
1.6300E+02 2.909E-01 6.453E-06
1.6600E+02 2.909E-01 6.454E-06
1.6900E+02 2.909E-01 6.454E-06
1.7200E+02 2.909E-01 6.455E-06
1.7500E+02 2.909E-01 6.455E-06
1.7800E+02 2.909E-01 6.455E-06
1.8100E+02 2.909E-01 6.455E-06
1.8400E+02 2.909E-01 6.455E-06
1.8700E+02 2.909E-01 6.455E-06
2.1000E+02 2.909E-01 6.455E-06
4.1000E+02 2.909E-01 6.456E-06
6.1000E+02 2.909E-01 6.457E-06
8.1000E+02 2.909E-01 6.457E-06
1.0100E+03 2.909E-01 6.457E-06
1.2100E+03 2.909E-01 6.457E-06
1.4100E+03 2.909E-01 6.457E-06
1.6100E+03 2.909E-01 6.457E-06
1.8100E+03 2.909E-01 6.457E-06
2.0100E+03 2.909E-01 6.457E-06
2.2100E+03 2.909E-01 6.457E-06
2.4100E+03 2.909E-01 6.457E-06
2.6100E+03 2.909E-01 6.457E-06
3.0750E+03 2.909E-01 6.457E-06
3.1500E+03 2.909E-01 6.457E-06
3.2250E+03 2.909E-01 6.457E-06
3.3000E+03 2.909E-01 6.457E-06
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3.3750E+03 2.909E-01 6.457E-06
3.4500E+03 1.864E-01 5.996E-06
3.5250E+03 7.145E-03 3.687E-07
3.6000E+03 2.739E-04 1.417E-08
3.6750E+03 1.050E-05 5.433E-10
3.7500E+03 4.023E-07 2.082E-11
3.8250E+03 1.542E-08 7.981E-13
3.9000E+03 5.910E-10 3.059E-14
3.9750E+03 2.265E-11 1.172E-15
4.0500E+03 8.683E-13 4.494E-17
4.1250E+03 3.328E-14 1.722E-18
4.2000E+03 1.276E-15 6.602E-20
4.2750E+03 4.889E-17 2.530E-21
4.3500E+03 1.874E-18 9.698E-23
4.4250E+03 7.182E-20 3.717E-24
4.5000E+03 2.753E-21 1.425E-25
4.5750E+03 1.055E-22 5.461E-27
4.6500E+03 4.044E-24 2.093E-28
4.7250E+03 1.550E-25 8.022E-30
4.8000E+03 5.941E-27 3.075E-31
4.8750E+03 2.277E-28 1.179E-32
Maximum Concentration and Time for Member #1: 6.457E-06 1.210E+03
Execution Time (Seconds): 0
INPUT FILE NAME: PB-7A.PAR
Title: Example Problem #7a Sr-90 Release to a Pond GWSCREEN Ver 2.5 (Card 1)
-----------------------------------------------------------------------------
Model Run Options
-----------------------------------------------------------------------------
IMODE Contaminant Type and Impacts: 1
ITYPE (1) Vert Avg (2) 3D Point (3) 3d Avg: 1
IDISP (0) Fixed Dispersivity (1-3) Spatially Varying: 0
KFLAG (1) Max Conc (2) Conc vs Time (3) Grid Output: 1
IDIL (1) No dilution factor (2) Include Dilution Factor: 1
IMOIST Source Moisture Content Option: 1
IMOISTU Unsaturated Moisture Content Option: 1
IMODEL (1) Surface/Burried Src (2) Pond (3) Usr Def: 2
ISOLVE (1) Gaussian Quarature (2) Simpsons Rule: (Aquifer) 2
ISOLVEU (1) Gaussian Quarature (2) Simpsons Rule: (Unsat Zone) 1
JSTART: 6
JMAX : 12
EPS : 1.000E-03
Health Effects: Committed effective dose equivalent calculation
Output mass/activity units: Ci
Output concentration units: Ci/m**3
Dose/Risk Conversion Units: rem/Ci
Output health effects units: rem
-----------------------------------------------------------------------------
Exposure Parameters
-----------------------------------------------------------------------------
Body Mass (kg): 70. Averaging Time (days): 25550.
Water Ingestion (L/d): 2.000E+00 Exposure Freq (day/year): 3.500E+02
Exposure Duration (y): 1.000E+00 Limiting Dose: 4.000E-03
-----------------------------------------------------------------------------
Site Parameters
-----------------------------------------------------------------------------
X Coordinate: 0.000E+00 Y Coordinate: 0.000E+00
Source Length (m): 2.000E+01 Source Width (m): 2.000E+01
Percolation Rate (m/y): 2.000E-01
Pond Operation Time (y): 3.000E+01 Water Input Rate (m3/y): 4.000E+03
Evap Rate Constant (1/y): 0.000E+00 Pond Moisture Content: 4.000E-01
Source Thickness (m): 5.000E-01 Src Bulk Density (g/cc): 1.500E+00
Source Moisture Content: 3.600E-01
-----------------------------------------------------------------------------
Unsaturated Zone Parameters
-----------------------------------------------------------------------------
Unsat Zone Thickness (m): 5.000E-05 Unsat Bulk Density: 1.900E+00
Unsat Dispersivity (m): 0.000E+00 Unsat Moisture Content: 1.200E-01
-----------------------------------------------------------------------------
Aquifer Zone Parameters
-----------------------------------------------------------------------------
Longitudinal Disp (m): 9.000E+00 Transverse Disp (m): 4.000E+00
Aquifer Thickness (m): 1.500E+01 Well Screen Thickness (m): 1.500E+01
Darcy Velocity (m/y): 5.700E+01 Aquifer Porosity: 1.000E-01
Bulk Density (g/cc): 1.900E+00
-----------------------------------------------------------------------------
Calculated Flow Parameters
-----------------------------------------------------------------------------
Percolation Water Flux (m3/y): 8.0000E+01
Total Water Flux (m3/y): 4.0800E+03
Unsat Pore Velocity (m/y): 1.6667E+00
Aquifer Pore Velocity (m/y): 5.7000E+02
Longitudinal Disp (m**2/y): 5.1300E+03
Transverse Disp (m**2/y): 2.2800E+03
-----------------------------------------------------------------------------
Contaminant Data
-----------------------------------------------------------------------------
Contaminant Name: Sr-90
Number of Progeny: 0
Half Life (y): 2.850E+01
Other Source Loss Rate (1/y): 0.000E+00
Kd Source (ml/g): 2.400E+01
Solubility Limit (mg/L): 1.000E+00
Molecular Weight (mg/L): 9.000E+01
Initial mass/activity: 0.000E+00
Mass/act input (mg or Ci/y): 1.000E+02
Kd Unsat (ml/g): 2.400E+01
Kd Aquifer (ml/g): 2.200E+01
Risk/Dose Conversion Factor 1.300E+05
-----------------------------------------------------------------------------
Calculated Contaminant Values
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-----------------------------------------------------------------------------
Decay Constants (1/y): 2.4321E-02
Leach Rate Constant (1/y): 1.1001E-02
Pnd Leach Rate Constant (1/y): 5.4945E-01
Solubility Limited Mass (mg): 0.0000E+00
Solubility Limited Act (Ci): 0.0000E+00
Unsat Retardation Factor: 3.8100E+02
Mean Unsat Transit Time (y): 1.1430E-02
Aquifer Retardation Factor: 4.190E+02
Minimum Peak Window Time (y): 5.1363E+00
Maximum Peak Window Time (y): 1.7778E+02
-----------------------------------------------------------------------------
Results for Receptor X = 1.00000E+02 Y = 0.00000E+00
-----------------------------------------------------------------------------
Peak Concentration (Ci/m**3): 1.456E-04
Time of Peak (y): 6.8106E+01
Maximum Dose: 1.325E+01
Maximum Allowable Release Rate (Ci/y): 3.020E-02
Execution Time (Seconds): 1
INPUT FILE NAME: PB-7B.PAR
Title: Example Problem #7B Sr-90 Release to a Pond GWSCREEN Ver 2.5 (Card 1)
-----------------------------------------------------------------------------
Model Run Options
-----------------------------------------------------------------------------
IMODE Contaminant Type and Impacts: 1
ITYPE (1) Vert Avg (2) 3D Point (3) 3d Avg: 1
IDISP (0) Fixed Dispersivity (1-3) Spatially Varying: 0
KFLAG (1) Max Conc (2) Conc vs Time (3) Grid Output: 2
IDIL (1) No dilution factor (2) Include Dilution Factor: 1
IMOIST Source Moisture Content Option: 1
IMOISTU Unsaturated Moisture Content Option: 1
IMODEL (1) Surface/Burried Src (2) Pond (3) Usr Def: 3
ISOLVE (1) Gaussian Quarature (2) Simpsons Rule: (Aquifer) 2
ISOLVEU (1) Gaussian Quarature (2) Simpsons Rule: (Unsat Zone) 1
JSTART: 6
JMAX : 12
EPS : 1.000E-03
Health Effects: Committed effective dose equivalent calculation
Output mass/activity units: Ci
Output concentration units: Ci/m**3
Dose/Risk Conversion Units: rem/Ci
Output health effects units: rem
-----------------------------------------------------------------------------
Exposure Parameters
-----------------------------------------------------------------------------
Body Mass (kg): 70. Averaging Time (days): 25550.
Water Ingestion (L/d): 2.000E+00 Exposure Freq (day/year): 3.500E+02
Exposure Duration (y): 1.000E+00 Limiting Dose: 4.000E-03
-----------------------------------------------------------------------------
Site Parameters
-----------------------------------------------------------------------------
X Coordinate: 0.000E+00 Y Coordinate: 0.000E+00
Source Length (m): 2.000E+01 Source Width (m): 2.000E+01
Percolation Rate (m/y): 2.000E-01
-----------------------------------------------------------------------------
Unsaturated Zone Parameters
-----------------------------------------------------------------------------
Unsat Zone Thickness (m): 5.000E-05 Unsat Bulk Density: 1.900E+00
Unsat Dispersivity (m): 0.000E+00 Unsat Moisture Content: 1.200E-01
-----------------------------------------------------------------------------
Aquifer Zone Parameters
-----------------------------------------------------------------------------
Longitudinal Disp (m): 9.000E+00 Transverse Disp (m): 4.000E+00
Aquifer Thickness (m): 1.500E+01 Well Screen Thickness (m): 1.500E+01
Darcy Velocity (m/y): 5.700E+01 Aquifer Porosity: 1.000E-01
Bulk Density (g/cc): 1.900E+00
-----------------------------------------------------------------------------
Calculated Flow Parameters
-----------------------------------------------------------------------------
Percolation Water Flux (m3/y): 8.0000E+01
Unsat Pore Velocity (m/y): 1.6667E+00
Aquifer Pore Velocity (m/y): 5.7000E+02
Longitudinal Disp (m**2/y): 5.1300E+03
Transverse Disp (m**2/y): 2.2800E+03
-----------------------------------------------------------------------------
Contaminant Data
-----------------------------------------------------------------------------
Contaminant Name: Sr-90
Number of Progeny: 0
Half Life (y): 2.850E+01
Other Source Loss Rate (1/y): 0.000E+00
Release File Name: pb-7.rel
Kd Unsat (ml/g): 2.400E+01
Kd Aquifer (ml/g): 2.200E+01
Risk/Dose Conversion Factor 1.300E+05
-----------------------------------------------------------------------------
Release File Contents
-----------------------------------------------------------------------------
Year Flux Ci/y
0.000E+00 0.000E+00
1.000E+00 4.181E+01
2.000E+00 6.536E+01
3.000E+00 7.864E+01
4.000E+00 8.611E+01
5.000E+00 9.033E+01
6.000E+00 9.270E+01
7.000E+00 9.404E+01
8.000E+00 9.479E+01
9.000E+00 9.521E+01
1.000E+01 9.545E+01
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1.100E+01 9.559E+01
1.200E+01 9.566E+01
1.300E+01 9.571E+01
1.400E+01 9.573E+01
1.500E+01 9.574E+01
1.600E+01 9.575E+01
1.700E+01 9.576E+01
1.800E+01 9.576E+01
1.900E+01 9.576E+01
2.000E+01 9.576E+01
2.100E+01 9.576E+01
2.200E+01 9.576E+01
2.300E+01 9.576E+01
2.400E+01 9.576E+01
2.500E+01 9.576E+01
2.600E+01 9.576E+01
2.700E+01 9.576E+01
2.800E+01 9.576E+01
2.900E+01 9.576E+01
3.000E+01 9.576E+01
3.200E+01 1.787E+00
3.300E+01 1.725E+00
3.400E+01 1.665E+00
3.500E+01 1.607E+00
3.600E+01 1.551E+00
3.700E+01 1.497E+00
3.800E+01 1.445E+00
3.900E+01 1.395E+00
4.000E+01 1.347E+00
4.100E+01 1.300E+00
4.200E+01 1.255E+00
4.300E+01 1.211E+00
4.400E+01 1.169E+00
4.500E+01 1.129E+00
4.600E+01 1.090E+00
4.700E+01 1.052E+00
4.800E+01 1.015E+00
4.900E+01 9.800E-01
5.000E+01 9.460E-01
5.100E+01 9.132E-01
5.200E+01 8.815E-01
5.300E+01 8.509E-01
5.400E+01 8.214E-01
5.500E+01 7.929E-01
5.600E+01 7.653E-01
5.700E+01 7.388E-01
5.800E+01 7.131E-01
5.900E+01 6.884E-01
6.000E+01 6.645E-01
6.100E+01 6.414E-01
6.200E+01 6.192E-01
6.400E+01 5.769E-01
6.600E+01 5.376E-01
6.800E+01 5.009E-01
7.000E+01 4.668E-01
7.200E+01 4.349E-01
7.400E+01 4.053E-01
7.600E+01 3.776E-01
7.800E+01 3.519E-01
8.000E+01 3.279E-01
8.200E+01 3.055E-01
8.400E+01 2.847E-01
8.600E+01 2.652E-01
8.800E+01 2.472E-01
9.000E+01 2.303E-01
9.200E+01 2.146E-01
9.400E+01 1.999E-01
-----------------------------------------------------------------------------
Calculated Contaminant Values
-----------------------------------------------------------------------------
Decay Constants (1/y): 2.4321E-02
Unsat Retardation Factor: 3.8100E+02
Mean Unsat Transit Time (y): 1.1430E-02
Aquifer Retardation Factor: 4.190E+02
-----------------------------------------------------------------------------
Concentration vs Time Results for Receptor X = 1.00000E+02 Y = 0.00000E+00
-----------------------------------------------------------------------------
Time Flux Conc Mbr 1
(years) (mg or Ci/y) (mg or Ci per cubic meter)
-----------------------------------------------------------------------------
0.0000E+00 0.000E+00 0.000E+00
2.0000E+00 6.508E+01 0.000E+00
4.0000E+00 8.600E+01 0.000E+00
6.0000E+00 9.265E+01 3.025E-17
8.0000E+00 9.475E+01 8.679E-14
1.0000E+01 9.542E+01 1.160E-11
1.2000E+01 9.564E+01 3.222E-10
1.4000E+01 9.570E+01 3.570E-09
1.6000E+01 9.572E+01 2.203E-08
1.8000E+01 9.573E+01 9.137E-08
2.0000E+01 9.573E+01 2.854E-07
2.2000E+01 9.573E+01 7.244E-07
2.4000E+01 9.573E+01 1.565E-06
2.6000E+01 9.573E+01 2.990E-06
2.8000E+01 9.573E+01 5.178E-06
3.2000E+01 2.323E+00 1.242E-05
3.4000E+01 1.665E+00 1.765E-05
3.6000E+01 1.551E+00 2.399E-05
3.8000E+01 1.446E+00 3.137E-05
4.0000E+01 1.347E+00 3.971E-05
4.2000E+01 1.255E+00 4.889E-05
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4.4000E+01 1.169E+00 5.875E-05
4.6000E+01 1.090E+00 6.915E-05
4.8000E+01 1.015E+00 7.988E-05
5.0000E+01 9.461E-01 9.069E-05
5.2000E+01 8.816E-01 1.014E-04
5.4000E+01 8.215E-01 1.115E-04
5.6000E+01 7.654E-01 1.209E-04
5.8000E+01 7.132E-01 1.293E-04
6.0000E+01 6.646E-01 1.362E-04
6.4000E+01 5.770E-01 1.459E-04
6.5000E+01 5.573E-01 1.473E-04
6.6000E+01 5.377E-01 1.485E-04
6.7000E+01 5.193E-01 1.491E-04
6.8000E+01 5.010E-01 1.493E-04
6.9000E+01 4.839E-01 1.493E-04
7.0000E+01 4.668E-01 1.490E-04
7.1000E+01 4.509E-01 1.482E-04
7.2000E+01 4.350E-01 1.472E-04
7.3000E+01 4.201E-01 1.459E-04
7.4000E+01 4.053E-01 1.443E-04
7.5000E+01 3.915E-01 1.425E-04
7.6000E+01 3.777E-01 1.405E-04
7.7000E+01 3.648E-01 1.382E-04
7.8000E+01 3.519E-01 1.358E-04
7.9000E+01 3.399E-01 1.332E-04
8.0000E+01 3.279E-01 1.304E-04
8.1000E+01 3.167E-01 1.275E-04
8.2000E+01 3.055E-01 1.246E-04
8.3000E+01 2.951E-01 1.215E-04
8.4000E+01 2.847E-01 1.184E-04
8.5000E+01 2.750E-01 1.153E-04
8.6000E+01 2.653E-01 1.120E-04
8.7000E+01 2.562E-01 1.087E-04
8.8000E+01 2.472E-01 1.054E-04
8.9000E+01 2.388E-01 1.021E-04
9.0000E+01 2.303E-01 9.883E-05
9.1000E+01 2.225E-01 9.557E-05
9.2000E+01 2.146E-01 9.228E-05
9.3000E+01 2.073E-01 8.917E-05
Maximum Concentration and Time for Member #1: 1.493E-04 6.800E+01
Execution Time (Seconds): 0
INPUT FILE NAME: PB-7C.PAR
Title: Example Problem #7c Sr-90 Release to a Pond 3D Vert Avg sol GWSCREEN Ver 2.5 (C
-----------------------------------------------------------------------------
Model Run Options
-----------------------------------------------------------------------------
IMODE Contaminant Type and Impacts: 2
ITYPE (1) Vert Avg (2) 3D Point (3) 3d Avg: 3
IDISP (0) Fixed Dispersivity (1-3) Spatially Varying: 0
KFLAG (1) Max Conc (2) Conc vs Time (3) Grid Output: 1
IDIL (1) No dilution factor (2) Include Dilution Factor: 1
IMOIST Source Moisture Content Option: 1
IMOISTU Unsaturated Moisture Content Option: 1
IMODEL (1) Surface/Burried Src (2) Pond (3) Usr Def: 2
ISOLVE (1) Gaussian Quarature (2) Simpsons Rule: (Aquifer) 2
ISOLVEU (1) Gaussian Quarature (2) Simpsons Rule: (Unsat Zone) 1
JSTART: 6
JMAX : 12
EPS : 1.000E-02
Health Effects: Carcinogenic incidence risk for radionuclides
Output mass/activity units: Ci
Output concentration units: Ci/m**3
Dose/Risk Conversion Units: 1/Ci
Output health effects units: carcinogenic risk
-----------------------------------------------------------------------------
Exposure Parameters
-----------------------------------------------------------------------------
Body Mass (kg): 70. Averaging Time (days): 25550.
Water Ingestion (L/d): 2.000E+00 Exposure Freq (day/year): 3.650E+02
Exposure Duration (y): 3.000E+01 Limiting Dose: 1.000E-06
-----------------------------------------------------------------------------
Site Parameters
-----------------------------------------------------------------------------
X Coordinate: 0.000E+00 Y Coordinate: 0.000E+00
Source Length (m): 2.000E+01 Source Width (m): 2.000E+01
Percolation Rate (m/y): 2.000E-01
Pond Operation Time (y): 3.000E+01 Water Input Rate (m3/y): 4.000E+03
Evap Rate Constant (1/y): 0.000E+00 Pond Moisture Content: 4.000E-01
Source Thickness (m): 5.000E-01 Src Bulk Density (g/cc): 1.500E+00
Source Moisture Content: 3.600E-01
-----------------------------------------------------------------------------
Unsaturated Zone Parameters
-----------------------------------------------------------------------------
Unsat Zone Thickness (m): 5.000E-05 Unsat Bulk Density: 1.900E+00
Unsat Dispersivity (m): 0.000E+00 Unsat Moisture Content: 1.200E-01
-----------------------------------------------------------------------------
Aquifer Zone Parameters
-----------------------------------------------------------------------------
Longitudinal Disp (m): 9.000E+00 Transverse Disp (m): 4.000E+00
Vertical Dispersivity (m): 4.000E+00
Aquifer Thickness (m): 1.500E+01 Well Screen Thickness (m): 1.500E+01
Darcy Velocity (m/y): 5.700E+01 Aquifer Porosity: 1.000E-01
Bulk Density (g/cc): 1.900E+00
-----------------------------------------------------------------------------
Calculated Flow Parameters
-----------------------------------------------------------------------------
Percolation Water Flux (m3/y): 8.0000E+01
Total Water Flux (m3/y): 4.0800E+03
Unsat Pore Velocity (m/y): 1.6667E+00
Aquifer Pore Velocity (m/y): 5.7000E+02
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Longitudinal Disp (m**2/y): 5.1300E+03
Transverse Disp (m**2/y): 2.2800E+03
Vertical Disp (m**2/y): 2.2800E+03
-----------------------------------------------------------------------------
Contaminant Data
-----------------------------------------------------------------------------
Contaminant Name: Sr-90
Number of Progeny: 0
Half Life (y): 2.850E+01
Other Source Loss Rate (1/y): 0.000E+00
Kd Source (ml/g): 2.400E+01
Solubility Limit (mg/L): 1.000E+00
Molecular Weight (mg/L): 9.000E+01
Initial mass/activity: 0.000E+00
Mass/act input (mg or Ci/y): 1.000E+02
Kd Unsat (ml/g): 2.400E+01
Kd Aquifer (ml/g): 2.200E+01
Risk/Dose Conversion Factor 3.600E+01
-----------------------------------------------------------------------------
Calculated Contaminant Values
-----------------------------------------------------------------------------
Decay Constants (1/y): 2.4321E-02
Leach Rate Constant (1/y): 1.1001E-02
Pnd Leach Rate Constant (1/y): 5.4945E-01
Solubility Limited Mass (mg): 0.0000E+00
Solubility Limited Act (Ci): 0.0000E+00
Unsat Retardation Factor: 3.8100E+02
Mean Unsat Transit Time (y): 1.1430E-02
Aquifer Retardation Factor: 4.190E+02
Minimum Peak Window Time (y): 5.1363E+00
Maximum Peak Window Time (y): 1.7778E+02
-----------------------------------------------------------------------------
Results for Receptor X = 1.00000E+02 Y = 0.00000E+00
-----------------------------------------------------------------------------
Peak Concentration (Ci/m**3): 1.463E-04
Time of Peak (y): 6.9802E+01
Concentrations Averaged Between: 5.4802E+01 and 8.4802E+01 years
Average Concentration (Ci/m**3): 1.336E-04
Maximum Dose: 1.053E-01
Maximum Allowable Release Rate (Ci/y): 9.495E-04
Execution Time (Seconds): 0
INPUT FILE NAME: PB-8.PAR
Title: Example Problem #8 Pu-241, Am-241 & Np-237 Carcin Risk GWSCREEN Ver 2.5 (Card 1
-----------------------------------------------------------------------------
Model Run Options
-----------------------------------------------------------------------------
IMODE Contaminant Type and Impacts: 2
ITYPE (1) Vert Avg (2) 3D Point (3) 3d Avg: 1
IDISP (0) Fixed Dispersivity (1-3) Spatially Varying: 0
KFLAG (1) Max Conc (2) Conc vs Time (3) Grid Output: 1
IDIL (1) No dilution factor (2) Include Dilution Factor: 1
IMOIST Source Moisture Content Option: 1
IMOISTU Unsaturated Moisture Content Option: 1
IMODEL (1) Surface/Burried Src (2) Pond (3) Usr Def: 1
ISOLVE (1) Gaussian Quarature (2) Simpsons Rule: (Aquifer) 1
ISOLVEU (1) Gaussian Quarature (2) Simpsons Rule: (Unsat Zone) 1
Health Effects: Carcinogenic incidence risk for radionuclides
Output mass/activity units: Ci
Output concentration units: Ci/m**3
Dose/Risk Conversion Units: 1/Ci
Output health effects units: carcinogenic risk
-----------------------------------------------------------------------------
Exposure Parameters
-----------------------------------------------------------------------------
Body Mass (kg): 70. Averaging Time (days): 25550.
Water Ingestion (L/d): 2.000E+00 Exposure Freq (day/year): 3.500E+02
Exposure Duration (y): 3.000E+01 Limiting Dose: 1.000E-06
-----------------------------------------------------------------------------
Site Parameters
-----------------------------------------------------------------------------
X Coordinate: 0.000E+00 Y Coordinate: 0.000E+00
Source Length (m): 7.000E+01 Source Width (m): 3.000E+01
Percolation Rate (m/y): 1.000E+00
Source Thickness (m): 2.000E+00 Src Bulk Density (g/cc): 1.500E+00
Source Moisture Content: 3.500E-01
-----------------------------------------------------------------------------
Unsaturated Zone Parameters
-----------------------------------------------------------------------------
Unsat Zone Thickness (m): 6.000E+00 Unsat Bulk Density: 1.900E+00
Unsat Dispersivity (m): 0.000E+00 Unsat Moisture Content: 9.000E-02
-----------------------------------------------------------------------------
Aquifer Zone Parameters
-----------------------------------------------------------------------------
Longitudinal Disp (m): 9.000E+00 Transverse Disp (m): 4.000E+00
Aquifer Thickness (m): 7.600E+01 Well Screen Thickness (m): 1.500E+01
Darcy Velocity (m/y): 5.700E+01 Aquifer Porosity: 1.000E-01
Bulk Density (g/cc): 1.900E+00
-----------------------------------------------------------------------------
Calculated Flow Parameters
-----------------------------------------------------------------------------
Percolation Water Flux (m3/y): 2.1000E+03
Unsat Pore Velocity (m/y): 1.1111E+01
Aquifer Pore Velocity (m/y): 5.7000E+02
Longitudinal Disp (m**2/y): 5.1300E+03
Transverse Disp (m**2/y): 2.2800E+03
-----------------------------------------------------------------------------
Contaminant Data
-----------------------------------------------------------------------------
Contaminant Name: Pu-241
Number of Progeny: 2
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Progeny Names: Am-241 Np-237
Half Life (y): 1.440E+01 4.322E+02 2.100E+06
Other Source Loss Rate (1/y): 0.000E+00
Kd Source (ml/g): 2.200E+01
Solubility Limit (mg/L): 7.110E+06
Molecular Weight (mg/L): 2.410E+02
Initial mass/activity: 1.000E+01
Kd Unsat (ml/g): 2.200E+01
Kd Aquifer (ml/g): 2.200E+01 3.400E+02 5.000E+00
Risk/Dose Conversion Factor 4.800E+00 3.100E+02 2.700E+02
-----------------------------------------------------------------------------
Calculated Contaminant Values
-----------------------------------------------------------------------------
Decay Constants (1/y): 4.8135E-02 1.6038E-03 3.3007E-07
Leach Rate Constant (1/y): 1.4993E-02
Solubility Limited Mass (mg): 9.9590E+14
Solubility Limited Act (Ci): 1.0268E+14
Unsat Retardation Factor: 4.6544E+02
Mean Unsat Transit Time (y): 2.5134E+02
Aquifer Retardation Factor: 4.190E+02 6.461E+03 9.600E+01
Minimum Peak Window Time (y): 2.5347E+02
Maximum Peak Window Time (y): 7.3189E+02
-----------------------------------------------------------------------------
Results for Receptor X = 1.35000E+02 Y = 0.00000E+00
-----------------------------------------------------------------------------
NOTE: Concentrations and Doses Reported in Order of the Decay Chain
NOTE: Progeny Concentrations are Reported at the Time of the Maximum Parent Concentration
Peak Concentration (Ci/m**3): 6.360E-14 3.993E-10 3.388E-12
Time of Peak (y): 3.1910E+02
Concentrations Averaged Between: 3.0410E+02 and 3.3410E+02 years
Average Concentration (Ci/m**3): 5.951E-14 4.052E-10 3.487E-12
Maximum Dose: 5.999E-12 2.638E-06 1.977E-08
Total Dose (all members): 2.657E-06
Maximum Allowable Inventory (Ci): 3.763E+00
Execution Time (Seconds): 0
INPUT FILE NAME: PB-9.PAR
Title: Example Problem #9 Hydrocarbon Benzene Spill with Vapor Loss GWSCREEN Ver 2.5 (
-----------------------------------------------------------------------------
Model Run Options
-----------------------------------------------------------------------------
IMODE Contaminant Type and Impacts: 5
ITYPE (1) Vert Avg (2) 3D Point (3) 3d Avg: 1
IDISP (0) Fixed Dispersivity (1-3) Spatially Varying: 0
KFLAG (1) Max Conc (2) Conc vs Time (3) Grid Output: 1
IDIL (1) No dilution factor (2) Include Dilution Factor: 1
IMOIST Source Moisture Content Option: 1
IMOISTU Unsaturated Moisture Content Option: 1
IMODEL (1) Surface/Burried Src (2) Pond (3) Usr Def: 1
ISOLVE (1) Gaussian Quarature (2) Simpsons Rule: (Aquifer) 1
ISOLVEU (1) Gaussian Quarature (2) Simpsons Rule: (Unsat Zone) 1
Health Effects: Carcinogenic incidence risk for non-radiological contaminants
Output mass/activity units: mg
Output concentration units: mg/m**3
Dose/Risk Conversion Units: kg-d/mg
Output health effects units: carcinogenic risk
-----------------------------------------------------------------------------
Exposure Parameters
-----------------------------------------------------------------------------
Body Mass (kg): 70. Averaging Time (days): 25550.
Water Ingestion (L/d): 2.000E+00 Exposure Freq (day/year): 3.500E+02
Exposure Duration (y): 3.000E+01 Limiting Dose: 1.000E-06
-----------------------------------------------------------------------------
Site Parameters
-----------------------------------------------------------------------------
X Coordinate: 0.000E+00 Y Coordinate: 0.000E+00
Source Length (m): 1.500E+01 Source Width (m): 2.500E+01
Percolation Rate (m/y): 1.000E-01
Source Thickness (m): 2.000E+00 Src Bulk Density (g/cc): 1.500E+00
Source Moisture Content: 3.000E-01
-----------------------------------------------------------------------------
Unsaturated Zone Parameters
-----------------------------------------------------------------------------
Unsat Zone Thickness (m): 1.000E-01 Unsat Bulk Density: 1.900E+00
Unsat Dispersivity (m): 0.000E+00 Unsat Moisture Content: 9.000E-02
-----------------------------------------------------------------------------
Aquifer Zone Parameters
-----------------------------------------------------------------------------
Longitudinal Disp (m): 9.000E+00 Transverse Disp (m): 4.000E+00
Aquifer Thickness (m): 7.600E+01 Well Screen Thickness (m): 1.500E+01
Darcy Velocity (m/y): 5.700E+01 Aquifer Porosity: 1.000E-01
Bulk Density (g/cc): 1.900E+00
-----------------------------------------------------------------------------
Calculated Flow Parameters
-----------------------------------------------------------------------------
Percolation Water Flux (m3/y): 3.7500E+01
Unsat Pore Velocity (m/y): 1.1111E+00
Aquifer Pore Velocity (m/y): 5.7000E+02
Longitudinal Disp (m**2/y): 5.1300E+03
Transverse Disp (m**2/y): 2.2800E+03
-----------------------------------------------------------------------------
Contaminant Data
-----------------------------------------------------------------------------
Contaminant Name: Benzene
Half Life (y): 9.500E-01
Other Source Loss Rate (1/y): 1.130E-02
Kd Source (ml/g): 2.500E-01
Solubility Limit (mg/L): 1.780E+03
Molecular Weight (mg/L): 7.810E+01
Initial mass/activity: 5.620E+08
Kd Unsat (ml/g): 2.500E-01
 $
Kd Aquifer (ml/g): 2.500E-01
Risk/Dose Conversion Factor 5.200E-02
-----------------------------------------------------------------------------
Calculated Contaminant Values
-----------------------------------------------------------------------------
Decay Constants (1/y): 7.2963E-01
Leach Rate Constant (1/y): 7.4074E-02
Solubility Limited Mass (mg): 9.0113E+08
Unsat Retardation Factor: 6.2778E+00
Mean Unsat Transit Time (y): 5.6500E-01
Aquifer Retardation Factor: 5.750E+00
Minimum Peak Window Time (y): 6.0031E-01
Maximum Peak Window Time (y): 3.1644E+01
-----------------------------------------------------------------------------
Results for Receptor X = 2.50000E+01 Y = 0.00000E+00
-----------------------------------------------------------------------------
Peak Concentration (mg/m**3): 3.947E+02
Time of Peak (y): 1.1105E+00
Concentrations Averaged Between: 5.6500E-01 and 3.0565E+01 years
Average Concentration (mg/m**3): 2.330E+01
Maximum Dose: 1.422E-05
Maximum Allowable Inventory (mg): 3.951E+07
Execution Time (Seconds): 0
